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REMARKS 

I. The Invention 

The subject matter of the present invention is an insoluble elastic matrix graft 
derived from ureter or urethra smooth muscle tissue. The present inventors established a novel 
method for preserving the naturally occurring acellular collagen/elastin framework in the ureter 
or urethra smooth muscles. The most surprising feature of the matrix is that, unlike matrices 
made by following the teaching of prior art, this collagen/elastin matrix retains the natural 
structural integrity and is therefore impermeable to urine, even when under pressure. Further, 
the acellular matrix is low in antigenicity, allows re-cellularization, and performs remarkably in 
restoring the functions of ureter or urethra. This is documented by several references submitted 
with this paper. 

II. Status of the Claims 

Claims 1-23 were originally filed and later canceled. Claims 24-28 have been 
added and are currently pending under examination. 

III. Claim Rejections 

A. Double Patenting 

Claims 24-28 remained rejected under the judicially created doctrine of 
obviousness-type of double patenting as allegedly being unpatentable over claims 1, 3, 4, 8, and 
10 of U.S. Patent No. 6,371,992. Applicants are willing to consider filing a terminal disclaimer 
once all pending claims are found otherwise allowable. 

B. 35U.S.C. §103 

In the Final Office Action of November 4, 2004, the Examiner maintained the 
rejection of claims 24-28 under 35 U.S.C. §103(a) for alleged obviousness over Gregory (U.S. 
Patent No. 5,990,379) in light of Bishopric et al (U.S. Patent No. 5,855,620) or Goldstein (U.S. 
Patent No. 5,632,778) or Abraham et al (U.S. Patent No. 5,993,844). Applicants respectfully 
traverse the rejection. 
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Abraham et al 

Applicants first contend that the Abraham patent is not available as a prior art 
reference against the pending claims in the present application. In Applicants' previous response 
(filed July 22, 2004), it was pointed out that the present inventors had completed the subject 
invention prior to the effective filing date of the Abraham patent, May 8, 1997. By way of a 
Rule 131 declaration and a copy of the Probst et al reference bearing the date stamp of May 2, 
1997, Applicants sought to antedate the Abraham patent. The Examiner declined to accept the 
declaration and the accompanying evidence. Two reasons were provided: first, according to 
MPEP §716.10, a publication that is the subject of a Katz declaration cannot be relied on to 
antedate another reference; and second, the Probst et al reference does not describe an insoluble 
elastic matrix graft derived from ureter or urethra smooth muscle; rather, it describes an 
insoluble elastic matrix derived from bladder smooth muscles. 

Use of a Reference Involved in a Katz Declaration to Antedate Another Reference 

Applicants respectfully disagree with the Examiner. Regarding the first reason, 
Applicants contend that the Examiner's interpretation of MPEP §716.10 regarding Katz 
declaration and antedating a cited reference is overly broad. The last paragraph of MPEP 
§716.10 states, 

A successful 37 C.F.R. §1.132 affidavit or declaration 
establishing derivation by the author, patentee, or applicant of 
the published application of a first reference does not enable an 
applicant to step into the shoes of that author, patentee, or 
applicant of the published application in regard to its date of 
publication so as to defeat a later second reference. In re 
Costello, 717 F.2d 1346, 1350, 219 USPQ 389, 392 (Fed. Cir. 
1983) . 

Yet, a closer review of the Costello case (attached as Exhibit 1) reveals a fact 
pattern that is completely different from the present case. In Costello, three co-workers of the 
patent applicants published a paper ("the Gouldson reference") describing the invention. The 
authors later filed a Rule 132 declaration attesting that their paper was derived from the 
applicants 1 invention. When the applicants attempted to use the Gouldson reference as evidence 
of prior invention to antedate a § 102(e) reference, the Cereijo reference, the USPTO rejected this 
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evidence and the Federal Circuit affirmed the rejection. The Court stated that the Rule 132 
declaration by Gouldson et al. only eliminated the Gouldson reference as a prior art reference; it 
at best showed the applicants 1 conception and communication of the invention to Gouldson et al 
Therefore, the Court concluded that the applicants did not even antedate Gouldson reference and 
should not be allowed to "step into Gouldson's shoes with respect to the date of publication of the 
Gouldson article as the date of invention." Costello, at 392. The Court emphasized that, ft [t]he 
real issue is whether all the evidence, including the references, truly shows knowledge by 
another prior to the time [Applicants] made their invention or whether it shows the contrary." 
(Costello 9 at 391, emphasis in original). 

In the present case, the Probst paper was not authored by four completely 
different people; quite to the contrary, two of the authors are named inventors on this application. 
Thus, it would be ludicrous to say that Applicants should not be allowed to "step into [the 
authors 1 ] shoes" to use the reference as evidence of prior invention, because Applicants (the 
inventors) have never been outside of the authors' shoes: the inventors are the authors of the 
Probst reference. Unlike Costello, the Probst paper is not evidence that the inventors had 
conceived and communicated the invention to others; the Probst paper is evidence that the 
inventors had completed the invention by a certain date. Therefore, according to the Federal 
Circuit, the Probst paper does not show "knowledge by another prior to the time Applicants 
made their invention"; it shows the contrary. Because of these important distinctions, Applicants 
do not believe that Costello can be properly applied to the present case to prohibit the use of the 
Probst paper as evidence for prior invention by the inventors. 

Species of the Invention 

Regarding the second reason, Applicants contend that in order to properly 
antedate a cited reference, a prior invention evidenced in a Rule 131 declaration need not be 
exactly the same as the disclosure of the reference. According to MPEP §715.02, 

[A] 37 CFR 1.131 affidavit is not insufficient merely 
because it does not show the identical disclosure of the 
reference(s) or the identical subject matter involved in the 
activity relied upon. If the affidavit contains facts showing a 
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completion of the invention commensurate with the extent of the 
invention as claimed is shown in the reference or activity, the 
affidavit or declaration is sufficient, whether or not it is a 
showing of the identical disclosure of the reference of the 
identical subject matter involved in the activity. (Emphasis 
added) 

MPEP §71 5.03 further states: 

Proof of prior completion of a species different from the 
species of the reference or activity will be sufficient to 
overcome a reference indirectly under 37 CFR §1.131 if the 
species shown in the reference or activity would have been 
obvious in view of the species shown to have been made by the 

applicant Alternatively, if the applicant cannot show 

possession of the species of the reference of activity in this 
manner, the applicant may be able to antedate the reference or 
activity indirectly by, for example, showing prior completion of 
one or more species which put him or her in possession of the 
claimed genus prior to the reference's or activity's date. The 
test is whether the species completed by applicant prior to the 
reference date or the activity's date provided an adequate basis 
for inferring that the invention has generic applicability. 
(Emphasis added) 

Applicants believe that these sections of the MPEP describe a situation very 
similar to the present case. The pending claims are directed to an insoluble elastic matrix graft 
derived from ureter or urethra smooth muscles. The prior invention shown by the Rule 1 3 1 
declaration relates to an insoluble elastic matrix graft derived from bladder smooth muscles. 
Because of the obviousness-type of double patenting rejection of the pending claims over the 
claims of U.S. Patent No. 6,371,992 (directed to an insoluble elastic matrix derived from bladder 
smooth muscles), the Examiner has taken the position that the species of ureter or urethra smooth 
muscles is obvious over the species of bladder smooth muscles when used for preparing an 
insoluble elastic matrix for tissue repair. Thus, the evidence submitted along with the Rule 131 
declaration demonstrates Applicants had completed an invention reasonably encompassing the 
species of bladder tissue and ureter or urethra tissue, even though the evidence only directly 
demonstrates the invention using bladder tissue. 

For these reasons, Applicants believe that the Rule 131 declaration and 
. accompanying evidence should be accepted as sufficient to antedate the Abraham patent. 
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Applicants hence respectfully request that the obviousness rejection based on Gregory in light of 
Abraham et al. be withdrawn. 

Gregory in Light of Bishopic et al. or Goldstein et al. or Abraham et al. 

Even if Abraham et al. is still considered a prior art reference against the pending 
claims, Applicants further contend that no prima facie obviousness has been established. 

In order to establish a prima facie showing of obviousness, three requirements 
must be satisfied: all limitations of a pending claim must be expressly or impliedly disclosed by 
prior art references; there must be a suggestion or motivation in the art for one skilled artisan to 
combine the limitations; and there must be a reasonable expectation of success in making such a 
combination. MPEP §2143. 

The pending claims are directed to a collagen/elastin matrix derived from ureter 
or urethra smooth muscles. By definition, a "matrix" is a cross-linking, interwoven mesh-like 
structure. The term "collagen/elastin matrix" refers to a combination of these two proteins 
present in a matrix structure. Collagen imparts strength and elastin imparts flexibility. Collagen, 
when present within a matrix, derives its strength to a large extent from the length of the fibers. 
The flexibility of elastin is due to its extensive crosslinking between polypeptides. Under a light 
microscope, collagen and elastin form a matrix of interwoven fibers. Under an electron 
microscope, both collagen and elastin individually form their own fibrous matrix. Collagen, a 
fibrous protein consisting of a combination of types I, II, III, etc., is readily solubilized by 
conditions that do not appreciably solubilize elastin. Furuto et al. {Methods in Enzymology 
144:41-61, 1987, attached as Exhibit 2) describe a preferred method of solubilizing collagens, 
where selective extraction of collagen involves using salt and diluted acid (see, e.g., pages 43- 
44). 

On the other hand, elastin and its purification procedures are described in the 
review articles by Rosenbloom (attached as Exhibit 3) and Soskel et al. (Exhibit 4). According 
to Rosenbloom, the fibers of elastin are called elastic fibers, which are 90% elastin and 10% 
microfibrillar components. Soskel et al. also describe elastin as a "heavily cross-liked 



Page 7 of 12 



Appl. No. 10/052,889 PATENT 

Amdt. dated May 2, 2005 

Reply to Office Action of November 4, 2004 

meshwork, perhaps best described as a fiber rather than as a protein. It is an infinitely large 
polymer 1 ' (page 196). 

In the present application, the claimed matrix is a collage/elastin matrix that 
maintains its native strength and flexibility. This means that the fiber lengths and cross-linking 
have not been chemically altered to weaken the integrity of the matrix. The matrix is also intact 
in that it can retain urine and does not have rips or tears through which urine can pass. 

The Gregory reference teaches methods for elastin extraction and purification 
from various sources, including ureter. This reference, however, does not supply all limitations 
of the pending claims. Gregory describes its matrix as an "elastin matrix" rather than an 
"collagen/elastin matrix." As discussed above, elastin is per se a "matrix." There is no 
indication that the methods disclosed by Gregory are preserving the natural collagen/elastin 
matrix present in tissues such as in the ureter or urethra smooth muscles. For instance, the 
extraction conditions described in Gregory (column 5, lines 36-55) makes no allowance for 
preserving the collagen or microfibrillary components. Gregory describes the conventional 
methods for elastin extraction/purification, which call for acid and base treatment and/or use of 
heat. In fact, it is explicitly stated in EXAMPLE 3 (column 11, lines 46-58) that the elastin- 
based biomaterials produced according to the method taught therein "appear translucent, pearly 
white in color and collapsed when removed from water indicating the absence of collagen and 
other structurally supportive proteins" (emphasis added). 

The Examiner apparently took the position that this missing limitation (a 
collagen/elastin matrix) can be found in the reference by Bishopric et al, Goldstein, or Abraham 
et al Bishopric et al describe a generic method for producing a collagen/elastin matrix from 
tissues, where the descriptions generally relate to body tissues, with focus on vascular tissues 
such as heart valves. This is the most apparent in the examples. Similarly, the Goldstein 
reference describes bioprothesis derived from tissues following a decellularizing process 
involving enzymatic treatment. The specific tissue types discussed in this reference are skin and 
heart valves, although the author does not limit his invention to these tissue types. The Abraham 
reference teaches the production of an acellular collagenous matrix using a chemical method. 



Page 8 of 12 



Appl. No. 10/052,889 PATENT 

Amdt. dated May 2, 2005 

Reply to Office Action of November 4, 2004 

Again, Abraham et ah refer to the tissue types either in a general sense or name specific types 
that do not include ureter or urethra. 

A review of the three references, however, fails to reveal any suggestion or 
motivation for one of skill in the art to combine the limitations found in Gregory and in the 
secondary references. As stated above, Gregory teaches extraction of elastin in a process far too 
harsh to preserve the intact collagen/elastin scaffolding. An artisan who sets out to prepare a 
bioprothesis described by Bishopric, Goldstein, or Abraham would find no specific suggestion or 
motivation in the references to combine the disclosure of Gregory, as the latter teaches the 
disruption of the collagenous network and therefore defeats the purpose of preparing a 
implantable material having required structural integrity. 

Unexpected Properties of the Claimed Collagen/Elastin Matrix 

Even if an artisan were somehow inspired to combine the teachings of Gregory 
and Bishopric, Goldstein, or Abraham, and attempted to produce a collagen/elastin matrix 
derived from tissues other than those actually experimented by Bishopric, Goldstein, and 
Abraham, there would be no reasonable expectation of success in achieving such a matrix with 
the properties as defined in claim 24. As far as the applicability of the disclosed methods is 
concerned, Bishopric, Goldstein, and Abraham appear to encompass a whole universe of tissue 
types. Yet, besides the certain tissue types that have been shown in the examples, these three 
references do not adequately address the feasibility of their methods in other tissues, particular 
those with special properties due to their distinct structure and functionality {e.g., the properties 
of flexibility and water impermeability of the ureter and urethra). 

There should be no dispute that there exist a large number of different types of 
tissues present in a human body, and that the tissues differ drastically in terms of strength, 
elasticity, and porosity of the cellular matrix. For instance, heart valves are a type of highly 
specialized tissue in that the tissue is nearly acellular except for a thin external layer of cells that 
can be readily removed by a variety of treatment methods to achieve a thick, dense, and 
relatively stiff matrix. In contrast, the intact matrix of smooth muscle such as that forms ureter 
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or urethra provides a waterproof sheath with much higher flexibility. The matrix taught by 
Bishopric, Goldstein, or Abraham cannot substitute the matrix provided by the present 
disclosure, because the matrix of the present invention provides some important features that 
cannot be predicted or expected from the teaching of the cited references: first, the matrix of the 
present invention must be strong enough retain fluids without leakage, even when under 
pressure; second, the matrix must be flexible enough to accommodate changing fluid pressure; 
third, the matrix can be sutured without compromising its internal integrity or tearing when 
under pressure; and fourth, the matrix must be able to sustain growth of multiple cell types 
(muscle, epithelial, mucosal, and nerve) necessary to restore function to the repaired organ. The 
inventors of this application have successfully accomplished the goal of making a matrix that has 
these properties and performed well in actual testing. This is evidenced by Sievert et al {World 
J. Urol. 18:19-25, 2000, attached as Exhibit 5). Three additional publications by the present 
inventors provide further details in the surprisingly outstanding quality of the ureter/urethra- 
derived collagen/elastin matrix that allowed successful graft and long term use. The 
performance of the matrix is particularly remarkable in terms of recellularization and pressure 
profile (Dahms et al, Urology 50:818-825, 1997, attached as Exhibit 6; Sievert et al., J. Urol. 
163:1958-1965, 2000, attached as Exhibit 7; and Sievert et al, J. Urol 165:2096-2012, 2001, 
attached as Exhibit 8). On the other hand, a matrix produced from any randomly selected tissue 
type simply cannot be expected to achieve the exceptional properties of the matrix of the present 
invention, which are essential for ureter or urethra repair. 

In the Final Office Action mailed November 4, 2004, the Examiner sustained the 
obviousness rejection based on Gregory and secondary references by Bishopric, Goldstein, and 
Abraham, merely stating that the references all relate to "treatment of vascular tissues," which 
provides "the nexus between the primary and secondary references" (page 5 of the Final Office 
Action). Applicants disagree with this generalized assertion and respectfully request that the 
Examiner reconsider the rejection in light of Applicants' specific arguments as well as evidence 
submitted herein regarding the significant difference among various tissue types, particularly the 
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distinct structural and functional features of urethra or ureter that set these tissues apart from 
those actually tested by Bishopric, Goldstein, and Abraham. 

Summary 

Because the cited references provide no suggestion or motivation to combine the 
claim limitations that might be found in the references, and there is certainly no reasonable 
expectation that such combination would produce a collagen/elastin matrix having the properties 
of flexibility, water impermeability, and susceptibility for cell repopulation, which is essential 
for a graft used for repairing ureter or urethra. Applicants submit that no prima facie case of 
obviousness is established. , 

Furthermore, the claimed collagen/elastin matrix has been shown to have 
performed remarkably well in numerous experiments, particularly in terms of maintaining 
structural integrity of the graft, the ability to respond to pressure, and the capability to promote 
cell re-growth. These characteristics of the claimed graft simply cannot be expected or predicted 
from the prior art. 

Accordingly, the withdrawal of the §103 rejection based on Gregory in light of 
Bishopric et al. or Goldstein et al or Abraham et al. is respectfully requested. 
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CONCLUSION 

In view of the foregoing, Applicants believe all claims now pending in this 
Application are in condition for allowance. The issuance of a formal Notice of Allowance at an 
early date is respectfully requested. 

If the Examiner believes a telephone conference would expedite prosecution of 
this application, please telephone the undersigned at 415-576-0200. 



Respectfully submitted, 




Chuan Gao 
Reg. No. 54,111 



TOWNSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, Eighth Floor 

San Francisco, California 94111-3834 

Tel: 415-576-0200 

Fax:415-576-0300 
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219 USPQ 389 
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No. 83-567 
U.S. Court of Appeals Federal Circuit 



Headnotes 

PATENTS 

1. Applications for patent — Continuing (§ 15.3) 

Second application that was not copending with original application and did not 
reference original application cannot be given same effect as original application under 
Section 120. 



2. Patentability — Anticipation — Carrying date back of references (§ 51,203) 

Patentability — Anticipation — Prior knowledge, use or sale (§ 51.223) 

Applicant who is unable to secure under Section 120 effective filing date previous to 
prior art reference's effective date may overcome reference by evidence of prior 
invention; prior art reference that is not statutory bar may be overcome by two methods; 
most common way to "antedate" reference is to submit affidavit satisfying Rule 131 
requirements; applicant may also show that relevant disclosure is description of 
applicant's own work; pertinent inquiry is under 35 USC 102(e); appellants can overcome 
reference by showing that they were in possession of their invention prior to reference's 
effective date; real issue is whether all evidence, including references, shows knowledge 
by another prior to time appellants made their invention or whether it shows contrary. 

3. Affidavits — Anticipating references (Rule 131) (§ 12.3) 
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Rule 131 governs whether applicant has proved date of invention "before" reference's 
effective date. 

4. Interference - Evidence - Conception (§ 41.353) 

Interference — Reduction to practice - Constructive reduction (§ 41.755) 

Abandoned application, with which no subsequent application was copending, cannot 
be considered constructive reduction to practice; it is inoperative for any purpose, save as 
evidence of conception. 

Particular patents Communication Cable Insulation 

Costello and McClean, Communication Cable Having Dual Insulated Conductors, 
rejection of claims 1, 4-10, 12, 13, and 17-20 affirmed. 



Case History and Disposition: 
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Appeal from Patent and Trademark Office Board of Appeals. 

Application for patent of Derek Anthony Costello and Robert 
McClean, Serial No. 488,900, filed July 22, 1974. From decision 
rejections claims, applicants appeal. Affirmed. 
Attorneys: 

Richard L. Schwaab, Alexandria, Va., for appellant. 

Gerald H. Bjorge (Joseph F. Nakamura and Fred E. McKelvey, on 
the brief) for appellee. 

Judge: 

Before Miller, Circuit Judge, Skelton, Senior Circuit Judge, and Smith, Circuit Judge. 

Opinion Text 

Opinion By: 

Smith, Circuit Judge. 

This is an appeal from the December 5, 1979, decision of the U.S. Patent and 
Trademark Office (PTO) Board of Appeals (board) sustaining two rejections under 
section 103 of claims, 1, 4-10, 12, 13, and 17-20 of application serial No. 488,900, filed 
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July 22, 1974. The invention relates to "foam-skin" communication cable insulation. 
The principal reference relied on is Cereijo, U.S. patent No. 3,914,357, filed January 4, 
1973. We affirm the rejections. 

I. 

On April 12, 1971, appellants filed application serial No. 132,968 for 
"Communication Cable Having Dual Insulated Conductors" (the original application). 
Appellants failed to respond to an office action and the original application was 
abandoned on October 19, 1972. No attempt has been made to revive the original 
application. 

Shortly thereafter, during the period December 5-7, 1972, three of appellants' co- 
workers at Northern Telecom Ltd. (Northern) presented a paper on foam-skin telephone 
cable insulation at the 21st International Wire and Cable Symposium in Atlantic City, 
New Jersey. 1 The authors of that paper filed with the PTO a declaration under 37 C.F.R. 
§ 1 . 1 32 2 on June 20, 1 978, stating 

Page 390 

that the subject matter of that publication is believed to be the invention of appellants and 
was disclosed to the authors by appellants while all were employed at Northern. 

[1] On January 4, 1973, Cereijo, et al., filed application serial No. 321,082 for 
"Method of Monitoring the Application of Cellular Plastic Insulation to Elongated 
Conductive Material." That application issued October 21, 1975, as Cereijo, U.S. patent 
No. 3,914,357, the principal reference. Appellants filed application serial No. 488,900 
(the second application), which was accorded an effective filing date of March 9, 1973, 
pursuant to section 120. 3 The second application is substantially similar to the original 
application. The second application, however, was not copending with the original 
application nor does it reference the original application. 4 

Cereijo discloses but does not claim the invention that is the subject matter of the 
second application. Claims 1, 4-10, 12, 13, and 17-20 of the second application were 
rejected under 35 U.S.C.§103 in view of Cereijo, or Cereijo taken with Moody. 5 

Because the requirements of section 120 had not been satisfied, the board refused to 
recognize the filing of the original application as a constructive reduction to practice of 
the invention. The remainder of the evidence 6 was found insufficient to establish 
invention by appellants prior to the effective date of Cereijo. The board noted that, even 
if the original application was considered to establish conception of the invention, 
appellants failed to prove diligence. 

II. 

This appeal presents the question whether appellants are entitled to rely on an 
application, abandoned prior to the effective date of a reference, as a constructive 
reduction to practice to overcome that reference, where appellants later filed a 
substantially identical application which is not entitled under section 120 to the date of 
the abandoned application. 

Appellants contend that the totality of the evidence establishes prior invention by 
them. Having eliminated Gouldson, which has an effective date prior to that of Cereijo, 
appellants allege that they have, ipso facto, antedated Cereijo as well. Appellants allege 
Copyright 2005, The Bureau of National Affairs, Inc. Reproduction or redistribution, in 
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that the relevant disclosure of Cereijo is actually their own invention. Finally, appellants 
argue that, without exception, the mere act of filing a patent application has long been 
considered a constructive reduction to practice. 

The Solicitor contends that while the original application established prior conception 
of the invention, it did not operate as a constructive reduction to practice. Further, 
diligence has not been shown. Relying on public policy arguments based on section 120, 
the Solicitor asserts that appellants should derive no benefit from their abandoned 
application. 

III. 

In section 120, Congress set forth two requirements that an applicant must satisfy in 
order for a later filed application to be accorded the same effect as if it were filed on the 
same date as an earlier application by the same inventor disclosing the same invention. 
Those conditions are (1) copendency of the applications, and (2) reference in the later 
filed to the earlier filed application. 

[2] Even if an applicant is unable to secure an effective filing date previous to the 
effective date of a prior art reference under section 120, the applicant may overcome a 
reference by evidence of prior invention. A prior art reference that is not a statutory bar 
may be overcome by two generally recognized methods. "The mosf common way to 
'antedate 1 a reference is to submit an affidavit satisfying the requirements of Rule 131." 7 
(Footnotes 
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omitted.) Rule 131, however, is only one way of overcoming a reference that is not a 
statutory bar. An applicant may also overcome a reference by showing that the relevant 
disclosure is a description of the applicant's own work. 8 The pertinent inquiry is under 35 
U.S.C. §102(e). 9 Appellants can overcome a reference by showing that they were in 
possession of their invention prior to the effective date of the reference. "The real issue is 
whether all the evidence, including the references, truly shows knowledge by another 
prior to the time appellants made their invention or whether it shows the contrary." 10 
(Emphasis in original.) 

[3] Rule 131 governs whether an applicant has proved a date of invention "before" the 
effective date of the reference. 1 1 Appellants urge this court to find prior invention on the 
basis of evidence that does not satisfy either the substantive requirements of Rule 131 or 
the standard of proof required to eliminate the reference. We decline to do so for the 
reasons set forth below. 

The effective date of Cereijo is January 4, 1973, prior to the effective filing date of 
the second application (March 9, 1973). Therefore, Cereijo is properly cited as prior art 
under section 102(e). In order to overcome Cereijo appellants must either (1) comply 
with the substantive requirements of Rule 131, or (2) establish that the relevant disclosure 
is of their own work. 

A. 

Rule 131 requires proof of either "reduction to practice prior to the effective date of 
the reference, or conception of the invention prior to the effective date of the reference 
coupled with due diligence from said date to a subsequent reduction to practice or to the 
Copyright 2005, The Bureau of National Affairs, Inc. Reproduction or redistribution, in 
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filing of the application." 12 

Appellants actually reduced the invention to practice in Canada. The invention has 
never been actually reduced to practice in the United States. 

[4] Appellants 1 principal contention is that the filing of the later abandoned original 
application constitutes a constructive reduction to practice of the invention. Appellants 
cite no authority, nor can they, to support their argument. It has long been settled, and we 
continue to approve the rule, that an abandoned application, with which no subsequent 
application was copending, cannot be considered a constructive reduction to practice. It 
is inoperative for any purpose, save as evidence of conception. 13 
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While the filing of the original application theoretically constituted a constructive 
reduction to practice at the time, the subsequent abandonment of that application also 
resulted in an abandonment of the benefit of that filing as a constructive reduction to 
practice. The filing of the original application is, however, evidence of conception of the 
invention. Appellants were able to reduce the invention to writing. That writing 
therefore constitutes documentary evidence that appellants had conceived of the 
invention as of the filing date. 14 As the board found, however, appellants did not 
establish diligence in reducing the invention to practice. Appellants do not contest that 
finding. Thus, the evidence is not sufficient to antedate Cereijo under Rule 131. 

B. 

Appellants submitted an affidavit under Rule 132 to establish that Gouldson discloses 
appellants 1 own invention. Appellants argue that, having "antedated" Gouldson which 
has an effective date prior to that of Cereijo, appellants have ipso facto antedated Cereijo. 
Appellants 1 proof that Gouldson discloses appellants 1 own work does not enable 
appellants to step into Gouldson's shoes with respect to the date of publication of the 
Gouldson article as the date of invention. Only Gouldson is eliminated as a reference by 
the showing that Gouldson describes appellants' invention. Appellants did not antedate 
Gouldson. Appellants' evidence, at best, establishes conception and communication of 
the invention to Gouldson, et al., prior to the date of publication. This has no relation at 
all to appellants 1 attempt to antedate the principal reference, Cereijo. 

c. 

Finally, appellants argue that two Bell Laboratories articles that reference Gouldson, 
and the fact that Cereijo discloses the invention as prior art rather than as part of his 
invention, establish prior invention by appellants. Appellants have submitted no affidavit 
or declaration to establish that the relevant disclosure of Cereijo is of appellants 1 
invention. 

It is not sufficient that the relevant disclosure is recognized as prior art. In order to 
sustain their claim, appellants must adduce evidence that appellants invented the relevant 
items in the disclosure. 15 Appellants have not done so. 

IV . 

In summary, in order to overcome a prior art reference under section 102(e) 
appellants must either satisfy the substantive requirements of Rule 131 or establish that 
Copyright 2005, The Bureau of National Affairs, Inc. Reproduction or redistribution, in 
whole or in part, and in any form, without express written permission, is prohibited except 
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the relevant disclosure describes their own invention. In establishing prior invention to 
overcome the Cereijo reference, appellants cannot rely on their earlier filed abandoned 
application as a constructive reduction to practice of the invention. The evidence 
presented by appellants is not sufficient to establish invention prior to the effective date 
of the reference under Rule 131. Similarly unavailing is appellants' attempt to establish 
that the relevant disclosure of Cereijo describes appellants' own work. Thus, appellants 
have not established on this record that they invented the subject matter of the invention 
prior to the effective date of the reference. The rejections under 35 U.S.C. §103 in view 
of Cereijo are, therefore, proper. 
Affirmed . 

Footnotes 

Footnote 1. E. Gouldson, M. Farago, G. Baxter, Foam-Skin, A Composite Expanded 
Insulation for Use in Telephone Cables, 21 Proc. Int'l Wire & Cable Symposium (1972). 
Footnote 2. 37 C.F.R. §1.132 (1982) provides in pertinent part: 

"§1.132 Affidavits or declarations traversing grounds of rejection. 

"When any claim of an application is rejected on reference to a domestic patent which 
substantially shows or describes but does not claim the invention, * * * affidavits or 
declarations traversing these references or objections may be received." 
Footnote 3. 35 U.S.C. §120 (1976) provides in pertinent part: 

"§120. Benefit of earlier filing date in the United States 

"An application for patent for an invention disclosed in the manner provided by the 
first paragraph of section 1 12 of this title in an application previously filed in the United 
States, * * * by the same inventor shall have the same effect, as to such invention, as 
though filed on the date of the prior application, if filed before the patenting or 
abandonment of or termination of proceedings on the first application * * * and if it 
contains or is amended to contain a specific reference to the earlier filed application ." 
(Emphasis supplied.) 

Application serial No. 339,631 was filed March 9, 1973. The second application, 
serial No. 488,900, filed July 22, 1974, was a continuation of that application. 
Footnote 4. Thus, the second application cannot be given the same effect as the original 
application under section 120. 

Footnote 5. Moody, U.S. patent No. 3,733,225, issued May 15, 1973. 

Footnote 6. Appellants submitted several technical papers that reference Gouldson and 

submitted several Rule 132 declarations. 

Footnote 7. In re Facius, 408 F.2d 1396, 1404, 161 USPQ 294, 300 (CCPA 1969). See 
also In re Ranier, 390 F.2d 771, 773-74, 156 USPQ 334, 336-37 (CCPA 1968) 
(anticipatory disclosure, not a statutory bar, may be removed by Rule 131 affidavit; proof 
need not be of prior reduction to practice of every embodiment, but mere prior 
conception will not suffice). 

37 C.F.R. §1.131 provides in pertinent part: 

AFFIDAVITS OVERCOMING REJECTIONS 

"§1.131 Affidavit or declaration or prior invention to overcome cited patent or 
publication. 
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"(a) When any claim of an application is rejected on reference to a domestic patent 
which substantially shows or describes but does not claim the rejected invention, * * * 
and the applicant shall make oath or declaration as to facts showing a completion of the 
invention in this country before the filing date of the application on which the domestic 
patent issued, * * * then the patent * * * cited shall not bar the grant of a patent to the 
applicant, unless the date of such patent or printed publication be more than one year 
prior to the date on which the application was filed in this country. 

"(b) The showing of facts shall be such , in character and weight, as to establish 
reduction to practice prior to the effective date of the reference, or conception of the 
invention prior to the effective date of the reference coupled with due diligence from said 
date to a subsequent reduction to practice or to the filing of the application. * * * 
(Emphasis supplied.) 

Footnote 8. In re Land, 368 F.2d 866, 151 USPQ 621 (CCPA 1966). See also In re 
Mathews, 408 F.2d 1393, 161 USPQ 276 (CCPA 1969); Facius, 408 F.2d 1396, 161 
USPQ 294 ; Chisum, Patents §3.08[2] (1982). 
Footnote 9. 35 U.S.C. § 102(e) provides: 

"§102. Conditions for patentability; novelty and loss of right to patent 
"A person shall be entitled to a patent unless- 

"(e) the invention was described in a patent granted on an application for patent by 
another filed in the United States before the invention thereof by the applicant for patent, 

Footnote 10. Land, 368 F.2d at 878, 151 USPQ at 632. 

Footnote 11. Id., see also In re Frilette, 412 F.2d 269, 274-75, 162 USPQ 163, 168 
(CCPA 1969) (absent proof of derivation, ordinarily a reference can be overcome only by 
showing prior completion of the invention under Rule 131). 
Footnote 12. 37 C.F.R. §1.1 3 1(b). 

Footnote 13. Carty v. Kellogg, 7 App. D.C. 542, 1896 CD. 188 (1896). Carty involved 
a fact situation almost identical to the present case. Carty filed an original application 
April 20, 1885, which was abandoned October 21, 1887. Kellogg filed an application 
July 30, 1887. Subsequently, on November 17, 1887, Carty filed a second application. An 
interference was generated and Carty tried to rely on the abandoned application as a 
constructive reduction to practice in order to establish priority. The Court of Appeals for 
the District of Columbia stated: 

"Failing in proof of actual reduction, Carty is forced to rely upon constructive 
reduction to practice, and, in order to antedate Kellogg, he claims it by virtue of his 
abandoned application of 1885. It seems to be a reasonable and well-established 
principle, conformed to in the practice of the Patent Office, that an abandoned application 
cannot be so considered. (Hien v. Pung, CD., 1894, 92; 68 O.G., 657.) Having lapsed, it 
becomes inoperative for any purpose, save as evidence of the date of conception, and to 
that extent it has already been considered and its weight admitted." 1896 CD. at 191 . 
Footnote 14. Thus, reviewed as documentary evidence, the original application is not 
accorded the "same effect" as if the requirements of §120 had been satisfied. The filing is 
not relied on as a legally operative reduction to practice, but rather, as evidence. As 
noted supra, §120 governs the receipt of the same benefit as if the second application 
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were filed on the date of the filing of the original application. Thus, no perturbation of 
§120 results from consideration of the filing of the original application merely as 
evidence of conception of the invention. 
Footnote 15. See Facius, 408 F.2d at 1407, 161 USPQ at 302. 



- End of Case - 
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Karl-Dietrich Sievert - Emil A. Tanagho 

Organ-specific acellular matrix for reconstruction of the urinary tract 



Abstract In urology, replacement of organs or organ 
segments has proved problematic. Current techniques 
do not replicate complete organ function, and they cause 
well-known complications. With the acellular organ- 
specific matrix we have found a way to regenerate tissue 
components seen in the normal lower urinary tract. The 
time required for regeneration depends on the matrix 
size and function. The matrix is covered by urothelium 
migrating from the host, after which neovascularization 
occurs, followed by formation of smooth-muscle cells 
and nerves. In our studies, normal muscle lining and 
nerves providing functional tissue were demonstrable 
and no sign of antigenicity was evident, even after het- 
erologous grafting. The regenerated rat bladder was 
evaluated by organ bath as well as by in vivo functional 
tests and demonstrated properties and functions similar 
to those of host tissue. Besides our obtaining encour- 
aging results in the rat bladder, we also studied the or- 
gan-specific acellular matrix in other species (dog and 
rabbit) and other organ segments (ureter and urethra). 

Key words Homograft • Xenograft • Acellular matrix • 
Transplantation • Graft survival • Urodynamics • 
Organ bath - Growth factors • Animal models 



Materials used to reconstruct the bladder must do more 
than replicate reservoir function [19]. Reconstruction 
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must also address recurrent urinary tract infection, 
urolithiasis, renal parenchymal damage, and renal im- 
pairment and failure [24]. In the past, autologous bowel 
has been most commonly used for reconstruction, but 
absorption, mucous production, infection, stone for- 
mation, tumors, migration, and rejection have been de- 
scribed [32]. Material obtained at myomectomy or 
vesicomyectomy, covered with an omentum patch, has 
been used to extend bladder capacity in the sheep model, 
but inflammation and heterotopic calcification occurred 
and bladder function was not good [15]. Intestinal 
seromucosa has also failed. Even the placement of cul- 
tured urothelium on the graft has failed due to lack of 
adhesion [34]. 

Badylak's group has used a vascular graft made of 
matrix of small-intestine submucosa (SIS). In 1992 [44] 
they reported the first successful autogenous SIS graft 
for small-diameter arteries and, later, for the superior 
vena cava in the dog. Endothelium covered the lumen, 
and smooth-muscle cells were present throughout the 
depth of the transplant [4, 28, 29]. The biocompatibility 
of heterologous SIS has been demonstrated by a patch 
augmentation of the pig bladder using bovine material 
with no inflammatory reaction. Ingrowth of capillaries 
and smooth muscle seen in later specimens suggested 
that it could be used for a segment of the dog bladder 
[25]. 

In our studies we have found that a full-thickness, 
homologous-bladder acellular matrix graft (BAMG) 
closely matches the host tissue with regard to size and to 
mechanical, structural, and genetic properties [42]. After 
successful homologous grafting [39] a heterologous 
BAMG (prepared from hamster, rabbit, or dog tissue; 
see Fig. 1A, B) was used to augment > 50% of the re- 
sected bladder in male and female rats. Biochemical 
analyses confirmed the retention of collagen and elastin 
and some extracts of glycosaminoglycans in the acellular 
specimens, and Piechota et al. [39] obtained a matrix 
completely free of recognizable cellular elements. 

Following the successful morphologic and functional 
regeneration of detrusor smooth muscle in the rat model 
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Fig. 1A-D Bladder acellular matrix graft prepared from hamster 
tissue as evaluated in the rat model. Macroscopic appearance at 
surgery (A) and 4 months later (B). Note that the regenerated segment 
is identifiable only by the marking sutures. Histologic appearance of 
the host tissue (Q and matrix (D) at 4 months. Note that all three 
layers of normal bladder wall are present 



the study was extended to elucidate the mechanisms of 
functional innervation of the BAMG in vivo. Further- 
more, in vitro electrical and pharmacologic stimulation 
techniques were used to study contractility and to 
characterize the expression of neurotransmitter recep- 
tors [40], and transforming growth factors were exam- 
ined by reverse-transcription polymerase chain reaction 
[13]. 



Surgical technique 

The Sprague-Dawley rat was the first model examined [13, 39-42]. 
Through a midline incision the catheterized and filled bladder was 
exposed in the anesthetized rat (pentobarbital 40 mg/kg). The 
previously prepared and trimmed BAMG was sutured onto the 
bladder (after hemicystectomy) with four marking sutures (Dexon 
7.0); the four sides were then continuously sutured with absorbable 
material (Dermalon 7.0). The graft-host anastomosis was checked 
for leakage by filling of the bladder through the transurethral ly 
placed 3-Fr catheter (CR Bard Inc., Covington, Ga., USA), and 
full capacity at surgery was noted. Finally, the abdominal wall was 
closed in layers. 

In a second study, a 0.3- to 0.8-cm section of rat ureter was 
excised and replaced with an acellular graft of equal size placed on 
a polyurethane stent. The graft was anastomosed end to end with 
monofilament nonabsorbable suture (Dermalon 10.0). For the 
promotion of growth the matrix was surrounded with retroperi- 
toneal fat before the abdominal wall was closed in layers [12]. 

In the dog bladder we used the same technique applied in the 
rat, and the bladder was replaced with a homologous [43] or het- 
erologous BAMG (Sievert et al., manuscript in preparation). Oral 
antibiotics were given until the transurethral catheter was removed. 

In the male New Zealand rabbit the pendulous urethra was 
replaced by an acellular urethral homograft [46] and heterograft 
[47]. Through a ventral midline penile-skin incision, tissue was 
mobilized from the corpora cavernosa. A segment of about 
1 .0 cm was excised and replaced with an acellular urethral tube 
graft. The graft was sutured in place end to end with interrupted 
absorbable 7-0 suture and was marked by three nonabsorbable 
7-0 sutures. The wound was closed in layers using absorbable 
sutures. 



In vivo functional studies 

Bladder function was evaluated by cystometry after 4 months in 
most studies [13, 41]. In addition, the pelvic nerve was stimulated in 
animals under urethane anesthesia (1.2 g/kg given s.c). The effect 
of the electrostimulation was assessed before and after i.v. ad- 
ministration of atropine sulfate (0.5 mg/kg) or hexamethonium 
bromide (5 mg/kg; a nondepolarizing ganglion-blocking agent [52]) 
or topical lidocaine application (0.2 ml, 1 %). 

In urethral studies, after urethral pressure-profile and urody- 
namics investigations [46] the replacement was evaluated by ret- 
rograde urethrography before surgery and at euthanasia, up to 
8 months thereafter. 



Electrical field stimulation 



Materials and methods 

Preparation of the acellular matrix graft 

Preparation of the graft was carried out as described by Piechota 
et al. [40] and modified from the method of Meezan et al. [33]. 
Tissue (bladder, ureter, or urethra) obtained through our insti- 
tution's tissue-sharing program was harvested. The tissue (used in 
most studies without mechanical scraping of the epithelium) was 
placed in 10 mM phosphate-buffered saline (PBS, pH 7.0) and 
1 % sodium azide and was stirred for several hours for partial cell 
lysis, the duration depending on the tissue size and thickness. 
Cell lysis was completed in 1 M sodium chloride containing 
2000 Kunitz units of DNAse (Sigma, St. Louis, Mo., USA) and 
the mixture was stirred again. Specimens were treated twice in 
50 ml of 4% sodium desoxycholate containing 0. 1 % sodium 
azide and were stirred for 5-6 h for solubilization of the lipid 
membranes. The resultant acellular matrix was washed three 
times in PBS and stored in 10% neomycin sulfate at 4 °C until 
grafted. 



For functional studies, full-thickness longitudinal bladder strips of 
uniform size (approx. 2x7 mm 2 ) were obtained from the host and 
the regenerated BAMGs. The strips were stimulated in a tissue bath 
(described in detail by Piechota et al. [40]) and the results of elec- 
trical field and pharmacologic stimulation were recorded [40]. 



Reverse-transcription polymerase chain reaction 

Total extracted RNA was determined in homologous BAMG- 
regenerated tissue at 2 weeks as well as 1,4, and 6 months after 
grafting. Through reverse-transcription polymerase chain reaction 
(RT-PCR) the samples were examined for the expression of specific 
growth factors (transforming growth factor: TGF-a, TGF-/?i, 
TGF-/? 2 , and TGF-0 3 ) that appear to play a key role in bladder 
development [5]. 

In urethral studies the RNA of normal and regenerated urethral 
tissue (specimens from day 10, weeks 3 and 6, and months 3, 6, and 
8) was analyzed for insulin-like growth factor (IGF) and heparin- 
binding growth factor (HB-EGF) as well as for TGF-a, TGF-0,, 
and /9-actin [46]. 



Staining 

Acellular specimens were embedded in paraffin, and sections were 
stained with hematoxylin and eosin (H&E) for cell nuclei. In ad- 
dition, several BAMG specimens (rat, hamster, dog, pig, and hu- 
man [39, 40]) were examined by electron microscopy and Hart's 
elastin and picrosirius acid-collagen staining (rat, pig, and human 
[14]). 

For evaluation of regeneration the excised tissue was fixed in 
formalin, embedded in paraffin, sectioned, and stained for collagen 
and smooth muscle (Masson's trichrome; Fig. 1C, D), a-actin 
(smooth muscle), and nonspecific neuronal protein gene product 
(PGP 9.5). After 4 and 8.5 months, differential nerve staining for 
acetylcholinesterase (AChE) [16], adrenergic nerves [54], and 
reduced nicotinamide adenine dinucleotide phosphate (NADPH)- 
diaphorase [50] (nonadrenergic, noncholinergic nerves) was con- 
ducted in addition to staining for PGP 9.5 [40]. For urethral 
replacement, acellular urethral tissue and regenerated tissue were 
stained as described for the BAMG (except for PGP 9.5). 



Results 

Histologic and immunohistochemical examination 

In the acellular matrix of the different species, collagen 
fibers, although not quantified, appeared to be closely 
packed, with variations in diameter being observed in 
the rat, pig, and, particularly, human matrix [14]. Elastic 
fibers were seen in all species, and histologic differences 
were apparent in both elastin and collagen fibers; pi- 
crosirius acid-stained specimens showed type I to be the 
major collagen fiber for the rat BAMG, in contrast to 
the pig and human BAMG, where collagen type III was 
abundant. On scanning and transmission electron mi- 
croscopy the structure of the acellular matrix scaffold 
varied in the different species, but it was not possible to 
distinguish distinct collagen types [14, 39]. 

For evaluation of acellular tissue regeneration, sec- 
tions were examined at various time points after surgery. 
The luminal surface of the matrix was half covered by 
mucosa (urothelium) after 1 week. Red blood cells and 
mononuclear cells infiltrated the host-matrix anasto- 
mosis. a-Actin staining demonstrated involvement of the 
first positive smooth-muscle cells, not well oriented, in 
the formation of vessels. Within 4-6 weeks postopera- 
tively, several layers of urothelium covered the complete 
matrix more or less uniformly, showing no difference 
from host urothelium. The first vessels were oriented 
parallel to the urothelium, and muscularization had 
begun. PGP 9.5-positive staining (nerves) was initially 
picked up after 4 weeks. With time (12 weeks) the 
amount of smooth muscle increased up to 36% in the 
acellular matrix (the proportion of smooth-muscle cells 
displayed by the host was 44%; comparative photo- 
analysis using PhotoShop 3.0), and the border of the 
anastamosis was sometimes difficult to identify. The 
muscle cells were oriented and the number of vessels as 
well as the diameter of nerves had increased [42]. In the 
4-month specimen the thickness of the muscle bundles 
seemed to decrease toward the center of the graft, 
whereas revascularization appeared to be equally pro- 
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nounced at the edges and in the middle of the homolo- 
gous BAMG [40]. Although these features were not 
evaluated quantitatively, light microscopy of the heter- 
ologous findings was consistent [39] with the results re- 
corded for rat-BAMG differentiation over time 
(Fig. 1C, D) [42]. 

After 8.5 months the homologous BAMG had a 
more balanced dispersion of vessels and muscle fibers 
throughout the graft than was evident at earlier time 
points. The a-actin-positive muscle fibers seemed to be 
stable and the number of vessels seemed to have de- 
creased as compared with the 4-month findings. PGP 
9.5-positive nerve fibers were seen predominantly next to 
muscle bundles and the luminal surface of the graft [40]. 
There was no sign of antigenicity or scar tissue [13, 39- 
42]. 

In the ureteral graft, all specimens revealed varying 
degrees of hydroureteronephrosis macroscopically at the 
level of the matrix. However, regeneration was tempo- 
rally similar to that observed for the BAMG. At 
month 3, PGP 9.5 was first detected in the graft, and 
within another month, neomuscularization was well 
developed. The smooth-muscle cells were arranged lon- 
gitudinally, with decreased numbers occurring toward 
the center of the graft. The urothelial lining and mus- 
cularization appeared to be similar to those seen in 
normal (host) ureteral wall (confirmed by transmission 
electron microscopy) [13]. 

In the canine model, homologous BAMG regenera- 
tion took up to 7 months and smooth-muscle hyper- 
plasia was not seen (as it had been in the control group 
[42]). 

The smooth-muscle cells in the urethral replacement 
in the rabbit were not as orderly as those in the host after 
6 months, although all components were seen at 
3 months [46, 47]. 



Cystometric and electrophysiologic evaluation 

At 4 months postoperatively, both the capacity and the 
residual volume of the BAMG-grafted bladders were 
significantly higher than those observed in normal rats 
(2.05 ± 0.28 versus 1.23 ± 0.02 ml and 1.49 ± 0.22 
versus 0.74 ±0.13 ml, respectively) [13]. In the 
heterologously grafted animals the capacity was similar 
to that seen in the homologously grafted animals after 
4 months (hamster 2.49 ± 0.04 ml, dog 2.23 ± 0.09 
ml, rabbit 2.08 ± 0.04 ml) [39]. No significant differ- 
ence in micturition pressure was found between the 
groups. The leak-point pressure found in grafted ani- 
mals did not differ significantly from that measured in 
controls. Compliance in the latter was significantly de- 
creased [39]. 

In rats that received a heterologous BAMG, voiding 
volumes were <50% of the values noted for controls 
after 3 days; however, at the end of 4 months, voiding 
volumes exceeded the preoperative values in the grafted 
and control animals by 72-94% and 35%, respectively. 
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In the grafted animals, pelvic nerve electrostimulation 
produced 50% of the bladder pressure of controls at 
4 months. 

In animals that underwent urethral grafting, neither 
urodynamics data nor urethral pressure profiles differed 
from control values after 8 months [47]. Retrograde 
urethrography demonstrated extravasation at about 
day 10 and hyperflexibility up to the 3rd month. A very 
good adaptation to the host urethra was demonstrated 
from month 6 onward, making it nearly impossible to 
detect the anastomosis on X-ray [46, 47]. 



Electrical field stimulation 

When BAMG-regenerated strips of homologously 
grafted animals were compared with normal bladder 
strips the response to supramaximal electrical field 
stimulation was quantitatively similar; the maximal 
force of contraction of the regenerated tissue amounted 
to 62% of the host bladder-wall tissue after 4 months 
[40]. As compared with the appropriate host bladder- 
tissue strips, the maximal contraction force was almost 
the same in all heterologously augmented groups (dog 
BAMG 85%, hamster BAMG 42%, rabbit BAMG 38% 
[39]). 



Organ bath 

The muscarinic response, tested by cumulative addition 
of carbachol, was qualitatively identical, but at the peak 
contractions measured at 10" 4 M the regenerated strip 
reached 79% of the host bladder-strip response after 
4 months [40]. For the heterologously grafted bladder 
the maximal force of contraction was similar in all 
BAMG-regenerated strips (dog BAMG 60%, hamster 
BAMG 50%, rabbit BAMG 34% as compared with the 
appropriate host bladder-tissue strip) and was double 
that determined following electrical stimulation [39]. 
Atropine (1 x 10~ 6 M) and valethamate bromide 
(2.6 x 10" 5 M) completely relaxed all carbachol-con- 
tracted strips and enhanced spontaneous muscle con- 
traction for 6 and 5 min, respectively [40]. In the 
heterologously grafted animals the BAMG-regenerated 
carbachol-contracted strips relaxed following treatment 
with atropine to a level below their initial resting tension 
[39]. 

Potassium (60 mM) evoked sustained contractions in 
the homologous regenerate that amounted to 32% of 
those measured in host bladder-wall tissue [40]; in het- 
erologous regenerates the corresponding results were 
86% in dog BAMG, 44% in rabbit BAMG, and 29% in 
hamster BAMG (as compared with contractions deter- 
mined in host-bladder smooth-muscle strips) [39]. The 
nonadrenergic compound nitroprusside (10~ 4 M) re- 
laxed the potassium-induced contraction of both strip 
types to the same extent. 



Reverse-transcription polymerase chain reaction 

Unlike amounts of TGF-/? 2 and TGF-jS 3 , levels of TGF- 
/?! and TGF-a were significantly increased from week 2 
to month 6, with a prominent message level being de- 
termined for TGF-a at month 6 [13]. In contrast to 
previous work in the rat model, rabbit tissue showed an 
increase over time in IGF and HB-EGF. IGF levels 
increased by week 3 and returned to normal around 
month 6; HB-EGF was not detected until day 10 post- 
operatively but was up-regulated at 3 weeks and was 
expressed until month 6 [46]. 



Stones 

Of the partially cystectomized (control) animals, 29% 
developed stones, whereas almost 85% of grafted ani- 
mals had urinary calculi. However, the stone size and 
composition did not differ (struvite 60-100%, apatite 
40-100%, newberrylite 20-100%, brushite 10-100%) 
[39]. 



Discussion 

Organ reconstruction plays an essential role in the sur- 
gical field. In the urinary tract, bowel has been the most 
common material used to date, with well-documented 
urodynamic benefits [44]. Although autologous, this 
grafted tissue cannot replicate all the necessary functions 
of the urinary tract, and absorption and mucous pro- 
duction have remained problematic. In addition, gas- 
trointestinal-tract complications have been well 
documented [7, 18, 20, 24, 32, 35, 45]. 

Gleeson and Griffith [19] have defined the ideal ma- 
terial as being biocompatible and mechanically reliable, 
resistant to extraluminal infection but tolerant of intra- 
luminal infection, and easy to implant surgically. For the 
bladder it should preserve renal function, provide ade- 
quate urinary storage at low pressure, and allow voli- 
tional, complete evacuation of the bladder per urethram. 

Previous studies using tissue of small-intestine sub- 
mucosa, processed by a technique of Meezan et al. [33], 
resulted in an acellular collagen and elastin scaffold [3, 4] 
with the potential to regenerate and provide functional 
capacity. Because of these encouraging results, over the 
past 5 years we have undertaken studies using an organ- 
specific acellular matrix, which has been shown to be 
successful for partial bladder and ureteral replacement 
[12, 13, 39-42]. 

Functional changes with time confirmed the autore- 
generation of the BAMG. Micturition pressure did not 
vary significantly, and the increased capacity reflected 
new muscularization and innervation in the graft [13]. 
As in the rat model, Probst et al. [43] reported a signi- 
ficant increase in bladder capacity after BAMG in the 
dog model after 7 months. In contrast to the results 
obtained by Dahms et al. [13], whereby unilateral pelvic 
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nerve stimulation did not provide adequate contraction 
and increased intravesical pressure, we found that bi- 
lateral sacral root stimulation enabled us to increase the 
bladder pressure above the sphincteric pressure mea- 
sured in dogs that had received a heterologous BAMG, 
with voiding being the result (Sievert et al., manuscript 
in preparation). Although urethral function is not as 
complex as bladder function, urethral replacement by 
the acellular matrix demonstrated complete function on 
retrograde urethrography [46, 47]. 

In our studies the mortality secondary to suture-line 
leakage was 15% overall, consistent with rates reported 
for similar operations in the rat [26, 28, 49]. In our recent 
canine studies, none of the animals was lost ([43]; Sievert 
et al., manuscript in preparation). In our rabbit-urethra 
studies, none of the animals died after homologous or 
heterologous grafting [46, 47]. Indeed, in no study did an 
animal die of causes related to immune response. Cross 
sections of BAMGs and urethral replacement showed 
only a trivial number of leukocytes and lymphocytes, 
thus indicating no sign of rejection [27], 

Bladder stone formation, which is common after 
surgery in the lower urinary tract of the rat [30, 31], was 
seen in our rodent studies [42, 49] but was not seen in the 
canine model for up to 7 months after transplantation 
([43]; Sievert et al., manuscript in preparation). Because 
struvite was the main component, infection was the most 
likely cause [21]. 

Over a continuous follow-up period of up to 
8.5 months, in the BAMG as well as in the ureteral 
acellular matrix graft (UAMG) we demonstrated re- 
generation of urothelium, vessels, smooth muscle, and 
nerves in the rat [12, 39]. Over the first few days there 
was rapid epithelialization of the surface, which soon 
became a multilayered normal urothelium. In the same 
way, neoangiogenesis from the host tissue into the 
scaffold took place. On the other hand, we hypothesize 
that smooth-muscle cells might differentiate from myo- 
fibroblasts, which are very similar in ultrastructure [48], 
a hypothesis supported by other recent reports [17, 57]. 

Using electrical field stimulation of intrinsic nerves, 
Piechota et al. [39, 40] demonstrated the contractility of 
the BAMG-regenerated tissue and host bladder wall. 
They showed that PGP 9.5-positive nerves had reinner- 
vated the muscle cells; tetrodotoxin, which abolishes 
neurogenesis action potentials, provided further evi- 
dence of neuronal components. 

The presence of muscarinic, adrenergic, and puri- 
nergic receptors [9, 10, 22, 23, 55] was shown through 
the use of several agonists and antagonists in the host as 
well as in the BAMG regenerates and was additionally 
confirmed by histochemical staining for cholinergic and 
adrenergic nerves [40]. Because of a comparable tissue- 
bath reaction shown by heterologous BAMG regener- 
ates and control tissue [39], the presence of adrenergic 
and cholinergic nerves can be assumed. 

Potassium induced the contraction of regenerated 
BAMG and host-bladder smooth-muscle cells [39, 40] by 
direct depolarization of membrane potential, supporting 



the probable involvement of a neuronal nitric-oxide- 
containing nerve pathway in nonadrenergic, noncholi- 
nergic relaxation [2, 38]. The organ-bath findings were 
also supportive, as the contractility of the BAMG-re- 
generated strips was about half that of the host-bladder 
strips [39]. 

Baskin et al. [5, 6] were the first investigators to re- 
port the influence of growth factors on bladder devel- 
opment. In our studies, levels of two of four growth 
factors (TGF-a and TGF-fi x ) were increased over time 
in BAMG regenerates [13], and other workers have 
found increased amounts of TGF-a protein after ia- 
trogenic bladder manipulation [11]. The family of TGF- 
/?s can inhibit or induce the proliferation of different 
cells [36]. TGF-/?! has been characterized as making 
smooth-muscle cells less capable of migrating and more 
adherent [51] and rendering certain smooth-muscle cell 
types growth-inhibitory [53]. In our rabbit-urethra 
model [46], TGF-/?! was detected, but the levels were 
equal in normal and grafted tissue. Further study 
demonstrated that, after 10 days, levels of IGF in- 
creased significantly for up to 6 months postoperatively. 
Hyperplasia of smooth-muscle cells was seen with in- 
creasing levels of IGF [56], but IGF may be one of the 
growth factors responsible for the development of 
smooth-muscle cells and may be down-regulated before 
hyperplasia occurs. Heparin-binding epidermal growth 
factor (HB-EGF, which stimulates the growth of fibro- 
blasts and smooth-muscle cells [37], promotes neo- 
vascularization, induces endothelial cell migration in the 
bovine model [1], and regulates urothelial proliferation 
[37]) was not detected in normal rabbit urethral tissue 
but increased after day 10 and decreased at month 6 in 
the regenerates. Recently, the presence of HB-EGF and 
HB-EGF-like growth factor (erbB-1, erbB-2) in human 
urothelium, bladder detrusor, and smooth muscle was 
reported [8]. 

Using different animal models, we have been capable 
of demonstrating an inexpensive method for the pro- 
duction of a scaffold for partial regeneration of urologic 
organs. With increased knowledge of both the mecha- 
nisms underlying regeneration with this organ-specific 
acellular matrix and the importance of certain growth 
factors, we will attempt to shorten the time required for 
regeneration and to increase the number of smooth- 
muscle cells for better function. 
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FREE URETEIRAL REPLACEMENT IN RATS: 
REGENERATION OF URETERAL WALL COMPONENTS 
IN THE ACELLULAR MATRIX GRAFT 
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ABSTRACT 

Objectives. To evaluate ureteral replacement by a free homologous graft of acellular matrix in a rat model. 
Methods. In 30 male Sprague-Dawley rats, a 0.3 to 0.8-cm midsegment of the left ureter was resected and 
replaced with an acellular matrix graft of equal length placed on a polyethylene stent. The animals were killed 
at varying intervals, and the grafted specimens were prepared for light and electron microscopy. 
Results. In all animals, the acellular matrix graft remained in its original position without evidence of incrus- 
tation or infection, and histologic examination showed complete epithelialization and progressive infiltration 
by vessels. At 1 0 weeks, smooth muscle fibers were observed; at 1 2 weeks, nerve fibers were first detected; 
at 4 months, smooth muscle cells had assumed regular configuration. 

Conclusions. The ureteral acellular matrix graft appears to promote the regeneration of all ureteral wall 
components. UROLOGY 50: 818-825, 1997. © 1997, Elsevier Science Inc. All rights reserved. 



Ureteral replacement has long been a subject 
of interest to researchers, and many surgical 
procedures and materials have been tried. 1 " 4 
However, an entirely satisfactory method has yet 
to be found. Previous research has demonstrated 
that collagen-based materials, such as porcine 
small intestine submucosa (SIS), have the best 
potential regenerative capability. 5 In this group of 
biomaterials, a new acellular matrix has recently 
been shown, in the bladder of the rat model, to 
serve as a scaffold consisting of collagen and elas- 
tin fibers for the ingrowth of all bladder wail com- 
ponents. 6,7 In addition, the contractility of graft- 
regenerated bladders has been observed in vivo 
(preliminary results). We designed the present 
study to determine whether this acellular matrix 
could be used as a free ureteral graft in a rat 
model. 
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MATERIAL AND METHODS 

Animals and Surgical Technique 

Male Sprague-Dawley rats (n = 30), weighing 260 to 360 
g, were housed three to a cage at constant temperature and 
humidity with a 12-hour light and dark cycle. Rats were 
given free access to standard labaratory chow and tap water. 
The technique for preparation of the matrix graft, described 
previously for the bladder, 7 was modified as follows: the ure- 
ter from a Sprague-Dawley rat was excised and placed on a 
polyethelene stent (inner diameter [ID] 0.28 mm; outer di- 
ameter [OD] 0.61 mm) for further processing. Because the 
tiny rat ureter is not suitable for inversion, for the ureteral 
matrix the mucosa was not scraped off as it was in the prep- 
aration of the bladder matrix graft. Partial cell lysis (in 10 
mM PBS), complete cell lysis (in 1 M sodium chloride con- 
taining 2000 Kunitz units DNase), and solubilizing of the 
lipid membranes in 50 mL of 4% sodium desoxycholate con- 
taining 0.1% sodium azide (repeated once) were performed. 
The resulting ureteral acellular matrix graft was stored in 
10% neomycin sulfate at 4°C until grafted (Fig. 1). 

At the time of surgery, animals were anesthetized with 
sodium pentobarbital (6 mg/100 g body weight intraperito- 
neaily) and, through a midline lower abdominal incision, the 
left ureter was exposed. A 0.3 to 0.8-cm midsegment of the 
ureter was resected and replaced with an equal graft segment 
placed on a polyethylene stent through the open ends of the 
host ureter (Fig. 2). The stent was used to prevent obstruc- 
tion at the level of the graft. The graft segment was trimmed 
to conform to the remaining host ureter and sutured in place 
with monofilament 10.0 nonabsorbable Dermalon sutures to 
identify the matrix borders. To promote growth, the acel- 
lular matrix graft was surrounded with retroperitoneal fat. 
When satisfactory closure was achieved, the abdominal wall 
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FIGURE 2. Surgical procedure of partial ureteral replacement by the ureteral acellu/ar matrix graft: (A) exposure 
and temporary clamping of the left ureter; (B) ureterotomy and intubation by the stented graft in the direction of the 
urinary bladder (arrows); (C) distal anastomosis with interrupted sutures; (D) intraoperative view after implantation. 



and the skin were closed. For microsurgery, an Olympus 
binocular operating microscope (10X to 40 X) was used. No 
drugs were administered postoperatively. 

Light Microscopic and Ultrastrucwral 
Evaluation 

The animals were killed at the following times: 4 days (n 
= 3), 3 weeks (n = 5), 6 weeks (n = 3), 10 weeks (n = 
7), 3 months (n = 5), and 4 months (n = 5). Host ureter 
and graft were identified, freed from the surrounding tissue 



under a dissecting microscope, and collected. All speci- 
mens were rinsed with saline solution to remove excess 
intraluminal urine. Tissues were fixed at the time of acces- 
sion and processed for light and transmission electron mi- 
croscopy. 

Light Microscopy. Specimens were fixed in 10% buffered 
formalin for at least 24 hours. After dehydration in graded 
ethanol solutions, the specimens were embedded in paraffin, 
sectioned (5 pm), and stained with trichrome for collagen 
and smooth muscle, hematoxylin and eosin (H & E) for nu- 
clei, alpha-actin for smooth muscle, and protein gene prod- 
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FIGURE 3 . Confirmation of the acellulahty of the ma- 
trix graft and its structure as a framework of elastin 
and collagen fibers: (A) H or E staining at an original 
magnification of x200; (B) scanning electron micros- 
copy at low magnification (original magnification x25) 
shows the intact surface of the ureteral acellular ma- 
trix; (C) at higher magnification (original magnification 
x130), the mesh-UHe structure of fibers (which may 
serve as a scaffold), without evidence of cellular ele- 
ments f is demonstrated. 



uct 9.5 (PGP 9.5) for nerves. The monoclonal antibody anti- 
alpha-smooth muscle actin recognizes alpha-smooth musle 
cells exclusively. 8 Protein gene product 9.5 represents a ma- 
jor protein component of the neural cytoplasm and therefore 
labels more nerve fibers than other general nerve markers. 9 10 
Before implantation, pure graft specimens were also pre- 
pared for light and scanning electron microscopy to confirm 
the structure as an acellular scaffold consisting of collagen 
and elastin fibers and thus the effectiveness of the matrix 
preparation process. 

Transmission Electron Microscopy. Specimens were im- 
mersed in a fixative (2.5% glutaraldehyde and 2.5% parafor- 
maldehyde) in 0.15 M sodium cacodylate buffer. After the 
primary fixation, the samples were placed in a drop of fixa- 
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FIGURE 4. Macroscopic view of the rat ureteral matrix 
graft 10 weeks after surgery. Arrows mark nonabsorb- 
able sutures to identify the border between the matrix 
graft and host. 



tive on dental wax and cut in approximately 3-mm segments. 
Specimens were postfixed with 2% osmium tetroxide, block 
stained in 2% uranyl acetate, and dehydrated in a graded 
series of ethanol and propylene oxide, after which they were 
embedded in resin. Thin sections (500 A) were obtained, 
mounted on 200-mesh copper grids, stained in uranyl ace- 
tate and lead citrate, and examined in a Zeiss Model 10c 
electron microscope. 

RESULTS 

MORTALITY 

Of the 30 animals, 2 died 6 weeks after surgery 
from a coronavirus infection associated with se- 
vere respiratory tract obstruction and were not 
used for further microscopic evaluation. In con- 
trast to our reported experience with the matrix 
grafted to the bladder, 7 stone formation was not 
observed in either the upper or lower urinary tract. 

Evaluation of Matrix Technique 

Light microscopy of the pure ureteral matrix 
demonstrated the effectiveness of the matrix prep- 
aration process. The acellularity of the graft as an 
intact framework consisting of elastin and collagen 
fibers was apparent (Fig. 3A). Scanning electron 
microscopy showed the intact nature of the ure- 
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A. U-AMG 4 days p.o. B. U-AMG 3 weeks p.o. 




C. U-AMG 10 weeks p.o. D. U-AMG 4 months p.o. 

FIGURE 5. Step-by-step regeneration of ureteral wall components (Masson 's trichrome stain, original magnification 
x200). After infiltration of erythrocytes and mononuclear cells (arrow) (A), urothelium (arrow) begins to develop in 
the first weeks (B), At 10 weeks (C), the first few muscle fibers are seen (arrow), and after 4 months (D), a complete 
regeneration of urothelium and muscularization can be observed (arrow marks borderline [suture] between the matrix 
graft [left] and the host ureter [right]) (U-AMG, ureteral acellular matrix graft). 



teral matrix surface and confirmed the scaffold- 
like structure of the graft without evidence of cell- 
ular elements (Fig. 3B, C). 

Macroscopic Appearance of Explanted Grafts 
Moderate adhesions were noted to the surround- 
ing retroperitoneal fat. The graft remained in its 
original position in ail animals, without evidence 
of incrustation or infection (Fig. 4), whereas the 
polyethylene tuhe migrated to the distal ureter. 
For this reason, gross examination of all surgical 
specimens revealed varying degrees of hydroure- 
teronephrosis to the level of the graft. There was 
no evidence of postoperative urinary leakage in 
any of the animals at death. 



Light Microscopy 

Histologic examination of all graft-regenerated 
ureters showed step-by-step regeneration of uro- 
thelium and smooth muscle fibers (Fig. 5). At 4 
days, the graft showed an infiltration of erythro- 
cytes and mononuclear ceils, and the urothelial 
lining appeared to begin to bridge the matrix graft. 
At 10 weeks, the graft was composed of several 
layers of urothelium and some capillaries, and 
characteristic arrangements of smooth muscle fi- 
bers (Fig. 6) were first observed. The number of 
vascular elements (capillaries) had increased. At 
12 weeks, nerve regeneration was first detected by 
PGP 9.5-positive staining (Fig. 7). At 4 months, 
neomuscuiarization was well developed. The 
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FIGURE 6. Histologic appearance of the ureteral acel- 
lular matrix graft (U-AMG) 3 months after grafting. 
Smooth muscle cell differentiation is confirmed by local- 
ization of alpha-actin (original magnification x300). 
Note the opaquely stained thick strands, which repre- 
sent alpha-actin smooth muscle fibers (arrow). 



smooth muscle cells were arranged in parallel rows 
in the longitudinal direction. The thickness of 
these muscle bundles seemed to decrease in the 
central part of the graft. There was no sign of de- 
generative change such as calcification or necrosis 
of the smooth muscle layer. The urothelial lining, 
differentiated muscularization, and surrounding 
fibrous adventitia appeared qualitatively similar to 
normal ureteral wall components (see below). In 
contrast, we noted that the number of nerve fibers 
was less than in the normal ureter. 

Electron Microscopy 

Smooth muscle regeneration in the grafted 
ureteral matrix was confirmed by transmission 
electron microscopy (Fig. 8). At 3 months, spec- 
imens demonstrated a lower density of myofila- 
ments in the graft than in the normal rat ureter. 
At 4 months, the number of myofilaments was 
significantly increased. These observations cor- 
responded to the light microscopic findings at 
the same time. Nerve regeneration was con- 
firmed in 4-month specimens studied by elec- 
tron microscopy (Fig. 9). Although the number 
of nerve fibers in the matrix graft was notably 
less than in the normal ureter, their morphologic 
characteristics were similar. 

COMMENT 

Ureteral replacement has long been a challenge 
for urologists. In other specialties, the success 




FIGURE 7. PGP 9.5 staining of normal ureter (A) and 
graft 3 months postoperatively (B). Nerve regeneration 
is confirmed (original magnification x400). Note the 
lower density of PGP 9.5-positive nerve staining in the 
graft (arrow) (U-AMG, ureteral acelluiar matrix graft). 



of acelluiar matrix grafts for organ substitution 
has been reported (eg, replacement of heart 
valves, coronary artery bypass, and, in particular, 
skin). 11 " 14 Although the concept of free grafts 
to treat ureteral diseases is not new, none of the 
materials previously reported has been able to 
satisfy all the criteria for the ideal substitute 
(Table I). 15 ~ 24 In the present study, complete 
epithelialization, angiogenesis, and regeneration 
of smooth muscle fibers and nerves were observed 
with no signs of rejection. 

The reasons for the improved acceptance of the 
ureteral acelluiar matrix graft over that of other 
free ureteral transplants are still unknown, in ac- 
cordance with our previous experience, we used 
extremely fine nonabsorbable suture material to 
minimize immediate postoperative inflammatory 
reactions, which can result in incrustation or stone 
formation. Rapid epithelialization, progressive 
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FIGURE 8. Transmission electron microscopy of normal ureter (A and B) and graft 3 months postoperatively (C and 
D) (original magnification x 7 3,500). Note lower density of myofilaments (M) in the graft-regenerated rat ureter than 
in the normal ureter. Mitochondria (m) are also seen (U-AMG, ureteral acellular matrix graft). 



neoangiogenesis, and continuous smooth muscle 
regeneration, apparently arising from the adjacent 
edges of the host ureter, are possible factors re- 
sponsible. Expression of growth factors seems to 
play a key role in the mechanisms controlling ep- 
ithelialization. 23 In our research, studies of trans- 
forming growth factor (TGF) expression in the rat 
bladder acellular matrix graft showed variable in- 
duction of TGFa, TGF/?!, TGF&, and TGF/? 3 
transcription, with prominent mRNA expression 
of TGFa and TGF/?i (preliminary results). 

In time, early smooth muscle cells matured into 
normal-appearing smooth muscle bundles. Be- 
cause smooth muscle production has been re- 



ported from pericytes after capillaiy neovascular- 
ization, 26 we hypothesize on the basis of our 
studies that the source of smooth muscle fibers in 
the acellular matrix graft is the adjacent edges of 
the host ureter. Regulating mechanisms of smooth 
muscle differentation are poorly understood. Be- 
sides growth factor expression (as just men- 
tioned), epithelial-mesenchymal interactions are 
thought to be important for smooth muscle regen- 
eration. In 1961, Taderera 27 demonstrated that the 
absence of lung epithelium causes failure of both 
smooth muscle and cartilage differentation. Con- 
sistent with these results, Baskin et al 28 reported 
in 1996 that intact bladder as well as isolated blad- 
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FIGURE 9. Transmission electron microscopy of nor- 
mal ureter (A) and graft 4 months postoperatively (B) 
(original magnification x50,000). The graft-regener- 
ated rat ureter shows morphologically intact nerves with 
axons (Ax), mitochondria (m), neurotubules (Nt), neu- 
rofilaments (NO, and Schwann ceil sheath (SW) (U-AMG, 
ureteral acellular matrix graft). 



der mesenchyme recombined with bladder uro- 
thelium from rat fetuses, when grafted under the 
renal capsule of adult rats, demonstrated expres- 
sion of smooth muscle differentiation; however, 
grafts of bladder mesenchyme alone failed to in- 
duce smooth muscle differentiation. Therefore, 
early epithelialization in the graft may be highly 
important for smooth muscle differentation. 

The observation that the overall (PGP 9.5-pos- 
itive) density of the reinnervation of the ureteral 
acellular matrix graft was significantly lower than 
that of the normal ureter may indicate that cell- 
derived factors are needed to achieve normal lev- 



TABLE L Criteria for the ideal 
ureteral substitute * 

Close histologic resemblance to normal ureter 
Peristaltic activity synchronous with host ureter 
Adequate blood supply 
Free transport of urine 
Impermeable, nonabsorptive lining 
No immunologic reaction 
No stone formation 
Technical ease 

No stricture formation at the anastomotic site 
Normal innervation and adequate pharmacologic 
response 

* Summarized from Bourn ct al. 2 



els of innervation. A similar experience has been 
described by Gavazzi et al 29 They showed that, 
after grafting of frozen and thawed acellular ce- 
rebral blood vessels in oculo, the reinnervation of 
the graft was less than that of the control, and 
PGP 9.5-positive nerves appeared less dense on 
the transplants as well. However, in the present 
study regeneration of nerves was confirmed by 
light and electron microscopy and may increase 
over a longer period of time to achieve functional 
capacities. 

In conclusion, the ureteral acellular matrix 
graft appears to promote the regeneration of all 
ureteral wall components. These results may in- 
dicate that the graft has a potential for functional 
neomuscularization that will result in its main- 
tenance as a physiologic ureteral wall. Tube mi- 
gration with consequent obstruction at the level 
of the stent, causing hydroureteronephrosis, was 
not avoidable. It would thus be reasonable to un- 
dertake further study in a larger animal model. 
Detailed functional and molecular biologic ex- 
periments are needed to evaluate whether the 
ureteral acellular matrix graft as a ureteral sub- 
stitute can conduct peristaltic activity in coor- 
dination with the host components to preserve 
the functional integrity of the renal parenchyma. 
The findings of regenerated ureteral wall com- 
ponents are encouraging and support the clinical 
potential of the acellular matrix graft in genito- 
urinary tract reconstruction. 
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ABSTRACT 

Objective: To evaluate urethral replacement by a free homologous graft of acellular urethral 
matrix in a rabbit model. 

Materials and Methods: In 30 male New Zealand rabbits, a 0.8 to 1.1 cm. segment of the 
urethra was resected, replaced with an acellular matrix graft of 1.0 to 1.5 cm. (mean 1.3 cm.), and 
placed on an 8F feeding tube. Additionally 4 animals underwent sham operation. At varying 
intervals before sacrifice (from 10 days to 8 months), the animals underwent urodynamic 
evaluation and retrograde urethrography (for which 4 untreated rabbits served as control). The 
grafted specimens were prepared for evaluation histologically and by reverse-transcription 
polymerase chain reaction (RT-PCR). 

Results: In all animals, the acellular matrix graft remained in its original position. Histological 
examination showed complete epithelialization and progressive vessel infiltration. At 3 months, 
smooth muscle bundles were first observed infiltrating the matrix at the end-to-end anastomosis; 
after 6 months, the smooth muscle bundles had grown into one-third of the matrix. Urodynamics 
did not detect any difference between the control and matrix-grafted animals in bladder volume, 
leak-point pressure and residual volume. RT-PCR detected an increase in IGF mRNA in the graft 
between week 3 and month 6 and in HB-EGF mRNA after day 10 through month 3. TGF-a mRNA 
was not detected; TGF-£ mRNA was unchanged from normal urethral tissue. By 8 months, the 
host and implant could not be differentiated by urethrography. 

Conclusion: The acellular urethral matrix allows single-stage urethral reconstruction. All 
tissue components were seen in the grafted matrix after 3 months, with further improvement 
over time; however, the smooth muscle in the matrix was less than in normal rabbit urethra and 
was not well oriented. RT-PCR revealed the importance of time-dependent growth factor influ- 
ences during regeneration. 

Key Words: urethra; transplantation, homologous; graft survival, rabbit model; urodynamics; growth factors 



The urologist remains challenged by urethral defects and 
injuries. Indeed, the variety of surgical techniques and the 
search for the best material attest to this problem. Even with 
high success rates (good cosmetic results and function), no 
method guarantees freedom from complications such as fis- 
tula and stenosis. The search for alternative surgical treat- 
ment to avoid multistage surgeries (time or location) sug- 
gests that a biodegradable material may provide more 
consistent results. The tissue properties should be similar to 
the original. In previous work, an acellular scaffold of the 
bladder and the ureter was used for organ-specific regener- 
ation, with demonstrably good results histologically and 
functionally. 1 ' 2 In this study, we evaluate the homologous 
acellular matrix used to bridge a urethral gap in the rabbit. 

MATERIALS AND METHODS 

Male New Zealand rabbits (n = 38), weight 3.0 to 3.5 kg., 
were caged individually (16C constant temperature, 47% hu- 
midity, 12-hour light/dark cycle) with free access to standard 
laboratory chow and tap water. Beginning four days before 
surgery, the animals wore a modified Elizabethan collar for 
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10 hours per day, then continuously after surgery until ure- 
thral stent removal at postoperative day 7. 

The matrix graft was prepared as described previously, 1 ' 2 
with the following modifications, according to a method 
adapted from Meezan et al. 3 A polyethylene 10-F Argyle 
feeding tube (Sherwood Medical; St. Louis, MO) was inserted 
through the excised New Zealand rabbit urethra (obtained 
from our institution's tissue-sharing program). In contradis- 
tinction to our previous studies, the urethra was not inverted 
nor was the mucosa scraped off. The tissue was placed in 10 
mM phosphate-buffered saline (PBS, pH 7.0) and 1% sodium 
azide for partial cell lysis. Cell lysis was completed in 1 M 
sodium chloride containing 200 Kunitz units DNase (Sigma; 
St. Louis, MO). The specimens were treated in 50 ml. of 4% 
sodium desoxycholate containing 0.1% sodium azide and 
stirred for 5 to 6 hours to solubilize the lipid membranes. 
This step was repeated once. The acellular matrix was 
washed three times in PBS and stored in 10% neomycin 
sulfate at 4C until grafted. 

Anesthesia was induced with ketamine (40 mgTkg. i.m.) 
and midazolam (2 mgVkg. i.m.) and was maintained after 
endotracheal intubation with isofluorane (3%) inhalation. 
The rabbits were mechanically ventilated with 100% oxygen 
(2 L/min.) via the endotracheal tube. Arterial blood pressure, 
pulse and respiration rate, body temperature and EKG were 
monitored continuously throughout the surgical procedure. 
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An ear vein was cannulated for continuous dextrose 2.5% (40 
mlVhr.) infusion. A warm-water mattress maintained body 

temperature. 

Surgical Procedure. After the urethra was catheterized by 
an 8F Argyle® feeding tube, the pendulous urethra was ex- 
posed through a ventral midline, penile skin incision (1.0 to 
1.3 cm.) and mobilized from the corpora cavernosa. The graft 
and sham operations were performed with the aid of micro- 
surgical loupes (25X magnification). 

Partial urethral replacement by acellular matrix. A 0.8 to 
1.1 cm. segment of the urethra was excised and replaced by 
the homologous acellular matrix graft (1.0 to 1.5 cm., mean 
1.3 cm.) in 30 animals divided in 6 subgroups (for sacrifice at 
10 days, 3 or 6 weeks, 3, 6 or 8 months, 5 per group). The graft 
was sutured in place by interrupted 7-0 polyglactin sutures 
(Vicryl, Ethicon Inc., Somerville, NJ), bridging the urethral 
defect end-to-end (fig. 1). Monofilament 7-0 nonabsorbable 
Dermalon sutures were used on three points (9, 12 and 3 
o'clock) for matrix border identification. 

Sham operation. A segment of the exposed urethra was 
transected in two places (1.3 to 1.5 cm. apart) and reanasto- 
mosed as described above in 4 rabbits (for sacrifice at 3 and 
6 months, 2 per group). 

To promote healing, the wound was closed in layers with 
running 7-0 polyglactin suture, and the skin with an in- 
verted running 4-0 polyglactin suture (Vicryl Rapid, Ethi- 
con). The feeding tube was fixed to the meatus with 2-0 silk 
suture and shortened so that only 0.5 cm. was visible. 

The rabbits received enrofloxacin (Baytril, Bayer Corp., 
Shawnee, KA) intraoperatively (11.35 mg. i.v.) and twice a 
day orally until stent removal at day 7. 

Radiologic evaluation. Both groups underwent retrograde 
urethrography in preanesthesia to confirm normal anatomy. 
In addition, 4 animals acted as control for the functional 
evaluations. A modified 8-F feeding tube was inserted into 
the meatus and fixed to the penile skin with a 2-zero silk 




Fig. 1. Artist's rendition of surgical field. Matrix (1.5 cm.) is anas- 
tomosed by single sutures, preserving vein. 



suture. Urethrography was performed after injection of 1.5 
ml. diatrizoate meglumine 60%; x-ray parameters were 2.5 
mA and 56 kV by a mobile x-ray system (General Electric 
AMX 3 model No. 46-217900G2, Milwaukee, WI). Before 
sacrifice, all animals (n = 38 [30 matrix, 4 sham, 4 control]) 
underwent retrograde urethrography in the supine position. 
Long-term animals (8 months) had two further followup eval- 
uations at 3 and 6 months. 

Urodynamics. After retrograde urethrography, open uro- 
dynamic evaluation was performed after suprapubic midline 
incision and cystostomy by an 8-F Argyle feeding tube con- 
nected to a Uniflow transducer (Baxter Healthcare Corp., 
Deerfield, IL) via a three-way stopcock. The pressures were 
recorded continuously and evaluated by Labview 4.0 (Nation- 
al Instruments, Austin, TX) through a Macintosh Quadra 
800 computer, according to a protocol modified from Celayir 
et al. 4 After an equilibration period of 15 minutes, each 
rabbit underwent at least three consecutive cystometric meas- 
urements. The bladder was filled by a 1711 Uropump (Life- 
Tech, Inc.) with 0.9% sodium chloride at 4 mlVmin. The 
evaluation included a urethral pressure profile, which was 
repeated twice for each animal. 

Light microscopy. Specimens were fixed in 10% buffered 
formalin for at least 24 hours. After dehydration in graded 
ethanol solutions, the specimens were embedded in paraffin, 
sectioned (4 /im.), and stained with hematoxylin and eosin 
(H & E), trichrome, and immunostained for a-actin. Paraffin 
sections were hydrated to water. After blocking endogenous 
peroxidase (20 minutes with 0.3% H 2 0 2 in methanol) and 
nonspecific protein binding (overnight with 3% normal horse 
serum in PBS, pH 7.4, containing 0.3% Triton X-100), sec- 
tions were incubated for 60 minutes at room temperature 
with mouse monoclonal anti-smooth-muscle a-actin (1:6000 
in PBS; Sigma Chemicals, St. Louis, MO). After washing 
with buffer, sections were immunostained with the avidin- 
biotin-peroxidase method (Elite ABC, Vector Laboratories; 
Burlingame, CA), with chammobenzidine plus hydrogen per- 
oxide as the chromagen. Sections were counterstained with 
hematoxylin. As a negative control, sections were immuno- 
stained without exposure to primary antibody. 5 

Pure graft specimens were also prepared for light micros- 
copy (H & E and trichrome) and electron microscopy to con- 
firm the structure as an acellular scaffold with collagen and 
elastin fibers, demonstrating the effectiveness of the matrix 
preparation process. 

The number and diameter of vessels in the area of the 
anastomosis and in the middle of the graft, as well as in 
normal urethral tissue, were counted and measured in a 5 x 
5 field (magnification 40x, a-actin-stained slides). The mean 
of four random fields was calculated. 

RNA preparation. At sacrifice, 10 days, 3 and 6 weeks, and 
3, 6 and 8 months postoperatively, freshly dissected matrix 
tissue from each group was homogenized in Tri-Reagent 
RNA/DNA/Protein isolation reagent (Molecular Research 
Center; Cincinnati, OH). According to the supplier's recom- 
mended procedure, RNA was treated with DNase I to remove 
contaminating DNA traces. RNA integrity was examined by 
agarose gel electrophoresis. 

RT-PCR analysis. The cellular mRNA was reverse- 
transcribed with SuperScriptase reverse transcriptase (Life 
Technologies, Inc., Gaithersburg, MD) and its accompanying 
reagents into a "library'' of complementary DNA (cDNA) and 
used to analyze the expression patterns of various genes in 
the PCR step. The PCR mixture consisted of 10 ng. each of a 
primer pair and reagents supplied with the Taq polymerase 
(Life Technologies, Inc.). PCR was performed in the DNA 
engine thermocycler (MJ Research, Inc., Watertown, MA) 
under calculated temperature control. The cycling program 
was set for 37 cycles of 94C, 5 seconds; 55C, 5 seconds; 72C, 
10 seconds; followed by one cycle of 72C, 5 minutes. The PCR 
product was electrophoresed in a 1.5% agarose gel, visualized 
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Primers used for RT-PCR 



EGF Primers 

EGFs 

EGFa 
IGF Primers 

IGFls 

IGFla 
TGF Primers 

TGF-bls 

TGF-bla 
Act in Primers 

actin-s 

actin-a 



AGGCAGCATGGTGAAGCCC 
CCAGCAAATCCTTTCAAACAC 423 bp 

TGCTTCCGGAGCTGTGATCT human 528 bp 
CAGAGAGGAATTTAGTGCAAC rat 579 bp 

CGGCAGCTGTACATTGACTT 
TCAGCTGCACTTGCAGGAGC 278 bp 

TCTACAATGAGCTGCGTGTG 
ATCTCCTTCTGCATCCTGTC 682 bp 




Fig. 2. Postoperative retrograde urethrography in matrix-grafted 
and sham-operated animals. After period of rigidity and permeabil- 
ity (day 10), graft becomes hyperflexible (week 6). At 8 months, both 
groups have similar appearance. 



by UV fluorescence, and recorded by a digital camera con- 
nected to a computer. Densitometry was performed to deter- 
mine the relative levels of gene expression, with the TGF-01 
gene PCR result as a reference. 

Design of oligonucleotide primers. For RT-PCR analysis of 
mRNA expression of various genes (table) and for DNA se- 
quence analysis of the RT-PCR products, several pairs of 
oligonucleotide primers have been designed and synthesized. 
To avoid the generation of PCR products from residual con- 
taminating genomic DNA, the two primers in each primer 
pair are selected from two separate exons whenever the gene 
structure information is available. The MacVector computer 
program (Oxford, Inc.) was used to search the GenBank 
database and analyze the retrieved gene sequences. 

RESULTS 

No animal died during the study. A fistula at the 12 o'clock 
position was observed in 4 of 24 matrix-implanted animals (1 
at 3 weeks, 2 at 6 weeks, and 1 at 3 months). Light micros- 
copy showed these to have been caused by the nonabsorbable 
Dermalon suture used for marking. 




Trichrome 5x 




Fig. 3. Light microscopy: A, normal rabbit urethra (trichrome, 
X10 magnification) reveals urothelium and well oriented smooth 
muscle cells. B> at site of transection in sham-operated animals (6 
months) (trichrome, 5x), higher magnification (C) shows no smooth 
muscle cells on a-actin staining (20x). 



Retrograde urethrography in the matrix-implanted ani- 
mals showed (fig. 2) that at 10 days extravasation was de- 
monstrable in the middle of the implant. The matrix was 
minimally expanded at the area of anastomosis only. At 3 
weeks, minimal extravasation was detected in the matrix 
implant, and flexibility was increased. At 6 weeks, the 
neourethra had become hyperflexible. Extravasation was no 
longer seen. At 3 months, the hyperflexibility had decreased 
and the diameter of the implant was similar to the host's. 
There was no sign of stricture. At 6 months, no difference 
could be discerned between implant and host and the borders 
were difficult to differentiate. At 8 months, the matrix had 
adapted further to the host. In the sham-operated animals, 
no difference from normal urethra at 3 or 6 months was 
demonstrable. 

Urodynamic evaluation showed no noteworthy differences 
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Fig. 4. Light microscopy, matrix-grafted animals, day 10: A, lon- 
gitudinal section (trichrome, 1.6x). B, at higher magnification 
(H&E, X20), epithelialization of graft borders is seen, with no 
epithelialization in middle of the matrix. C, in another detail of A, 
anastomosis between host and graft is highlighted (trichrome, 5x). D, 
in this higher magnification of C, submucosal infiltration of myofi- 
broblasts into the gap between the host and the graft tissue is 
apparent (a-actin, X20). 



in bladder capacity, leak-point pressure, residual volume and 
urethral pressure profile among the untreated, sham- 
operated or matrix-implanted animals. 

Light and electron microscopy of the pure matrix con- 
firmed the effectiveness of the matrix preparation process. 
The acellular graft appeared as an intact framework consist- 
ing of elastin and collagen fibers. Electron microscopy dem- 
onstrated the intact urethral matrix surface and the scaffold 
structure with no cellular elements. 

Macroscopically, adhesions were noted in both groups 
(matrix-implanted and sham-operated) and were dependent 
on postoperative time. 

On light microscopy, the loose collagen and elastin fiber 
composition of the normal rabbit urethra consists of numer- 





FlG. 5. light microscopy, week 3 (cr-actin, X20): A, matrix lumen 
is covered by irregular epithelium, and submucosa is filled with 
myofibroblasts infiltrating the matrix. B, deep into central matrix, 
vessels outlined by smooth muscle cells grow into scaffold. 



ous outer longitudinally oriented smooth muscle bundles and 
inner nutritional vessels. The urethral lumen is lined with 
prismatic and cuboidal epithelium (fig. 3, A). In contrast, in 
the sham-operated Animals the reanastomosed transected 
areas showed no smooth muscle ingrowth after 6 weeks and 
3 and 6 months; the area was filled by collagen. The urethra 
and corpus spongiosum between these cuts were normal (fig. 
3, B and C), and fine vessels bridged the healthy tissue. 

The matrix-implanted specimens were examined at six 
time points: At 10 days, epithelial cells had migrated from 
each host side, covering half of the matrix with a single 
epithelial layer (fig. 4, A-C). At this time small vessels were 
developing in the matrix. The connective tissue between host 
and matrix showed high a-actin staining, representing myo- 
fibroblasts. Myofibroblasts and vessels followed the matrix 
scaffold (fig. 4, D). The matrix (especially around the resorb- 
able sutures) and adjacent areas of the host tissue were 
infiltrated with inflammatory cells (fig. 4, D). 

At 3 weeks, the urethral lumen was completely covered by 
epithelial cells, although still irregularly in some areas (fig. 
5, A). Vessels of a larger diameter than those seen at 10 days 
infiltrated the complete matrix. In addition to the positive 
a-actin staining in the smooth muscle cells of the vessels, the 
submucosa showed high expression of a-actin in myofibro- 
blasts (fig. 5, £). The matrix scaffold appeared less dense 
than at day 10. The sutures were almost resorbed. 

At 6 weeks, the epithelium was regular and equivalent to 
the normal urethra (fig. 6, A). Vessels ran along the basal 
membrane, and in the remaining matrix their diameter was 
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Fig. 6. Light microscopy, week 6: A, regular epithelium covers entire graft (trichrome, x 10). B, at higher magni f ication (a-actin X20), the 
good vessel supply in submucosa is apparent. In lower left corner, first smooth muscle cells are seen. Myofibroblasts have completely 
disappeared. 



further increased. Alpha-actin staining was seen only in the 
vessel walls. The myofibroblasts and the last white blood 
cells had disappeared (fig. 6, B). 

At 3 months, the regular prismatic and cuboidal epithe- 
lium had begun to exhibit folds (fig. 7, A and B). The connec- 
tive tissue of the submucosa was loose, as in the normal 
urethra, in contrast to the transected areas of the sham- 
operated animals. The vessel number and diameter were 
greater than those in the sham-operated rabbits (fig. 7, 0- In 
some specimens smooth muscle cells had begun to infiltrate 
the matrix at the end-to-end anastomosis, and the overlying 
tissue contained some smooth muscle bundles (fig. 7, Z>). 
Trichrome staining demonstrated the entire matrix scaffold 
to be less compact (fig. 7, A). 

At 6 months, longitudinal smooth-muscle-cell bundles 
were seen in one-third of the matrix, less well-oriented than 
in the normal urethra (fig. 8, A and B). In a-actin-stained 
sections, irregular areas with few muscle cells were seen, 
except in the matrix center (fig. 8, C). However, additional 
cross-sections demonstrated a significant increase of longitu- 
dinal vessels. 

At 8 months, longitudinal sections showed only minor 
changes, with further smooth-muscle-cell ingrowth. 

Evaluation of vessel ingrowth into the homologous acellu- 
lar matrix graft, measured by number and diameter in the 
area of anastomosis and in the middle of the graft over the 
time (0 days to 8 months), demonstrated an initial increase in 
number followed by a decrease that was simultaneous with 
an increase in vessel diameter (fig. 9). 

On RT-PCR, mRNA expression was observed at different 
intervals postoperatively in the acellular matrix graft. 
Insulin-like growth factor (IGF) mRNA was detected by week 
3, increasing to a maximum at 6 weeks and returning to 
normal after 6 months (fig. 10). Expression of heparin- 
binding epidermal growth factor (HB-EGF) mRNA increased 
notably from week 3 to month 6, but HB-EGF mRNA was not 
detected in normal urethral tissue or in the matrix- 
implanted samples at 10 days (fig. 10, B). Expression of 
transforming growth factor (TGF)-j31 mRNA was similar in 
all specimens (fig. 10, C). No TGF-a mRNA (fig. 10, D) and 
0-actin expression was detected, as had been seen in the rat 
model; 6 therefore TGF-01 mRNA was used as the internal 
standard for baseline gene expression. 

DISCUSSION 

The importance of urethral reconstruction in urology is 
underscored by the many efforts to improve surgical tech- 



nique and materials. Previous research has shown that bio- 
degradable materials such as hyaluronic acid or hydroxyace- 
tic acid polymers have the best potential for regeneration and 
function, 7 " 9 although the degree and quality of regeneration 
have varied. In the rabbit urethra, regeneration of endothe- 
lium and submucosa was observed, but no formation of 
smooth muscle cells. 9 Encouraged by the results of our blad- 
der regeneration studies with an acellular matrix graft, we 
expanded our investigation to examine partial urethral re- 
placement. The advantages of this approach are a shorter 
operative time with only one intervention and minimal reac- 
tion. In the present study, complete luminal epithelializa- 
tion, rapid angiogenesis, and smooth-muscle-cell bundle 
growth were observed with no signs of rejection. Retrograde 
urethrography, the clinical gold standard for surgical fol- 
lowup, documented the ongoing regenerative changes and 
the functional improvement over time. 

Neovascularization increased over time. At first, thin ves- 
sels were seen extending into the matrix from the host tissue; 
ultimately, the vessels were seen throughout the matrix in 
number and diameter similar to those in the host-tissue 
border. Vascular smooth muscle cells were detected by 
a-actin stain after 3 weeks. The longitudinal vessels in- 
creased in number markedly between months 3 and 6, with 
no further changes at 8 months. The nutritional vessels of 
the epithelium were similar to those in the normal urethra by 
month 3. 

At 10 days, only myofibroblasts were stained with a-actin. 
The increase of myofibroblasts in the anastomosis at day 10 
and the accumulation in the submucosa after week 3 are an 
important step in wound healing. 10 It is not known if myofi- 
broblasts differentiate into smooth muscle cells, although 
they are very similar in ultrastructure, and recently pub- 
lished results have supported this conjecture. 11,12 Single 
smooth muscle cells were seen in the submucosa at 6 weeks. 
These single cells did not bear a close relationship to vessels 
or even to the host tissue, but were seen in areas where there 
had been a high myofibroblast accumulation. This is sup- 
ported by the report of Wu et al in which myofibroblasts 
infiltrated and subsequently differentiated into smooth mus- 
cle cells, 13 although the basis for this differentiation is not 
known. 

Over the 8 months of observation, the ingrowth of smooth 
muscle cells and bundles was not continuous. Improvement 
was most demonstrable between 3 and 6 months. Smooth- 
muscle-cell bundles were observed growing into one-third of 
the matrix scaffold, not only longitudinally but also with a 
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Fig. 7. Light microscopy, month 3: A, longitudinal section of the 
entire graft with host tissue at each side (trichrome, 1.6x). B and C 
document regular epithelium (H&E X20) and increased number 
and diameter of blood vessels (a-actin, X20). D, in this detail, first 
smooth muscle bundles are demonstrable (a-actin x20). 



thicker submucosa. Several cells over the midsection of the 
formerly acellular matrix were seen on a-actin staining, al- 
though not trichrome, and some bundles without apparent 
orientation were seen in the center of the matrix. 

To understand the changes through which the acellular 
matrix goes to become a functional organ part, a review of 
growth-factor function is helpful. Dahms et al have reported 
TGF-a mRNA and TGF-/31 mRNA upregulation in the rat 
model bladder acellular matrix graft, and TGF-a has been 
observed in urine after bladder manipulation and augmen- 
tation. 6 However, TGF-a mRNA was not detected in our 
grafted samples. That this and 0-actin mRNA were not de- 
tected might owe to the lack of commercially available rabbit 
primers. TGF-01 mRNA was detected at the same levels in 
all samples, both normal urethra and matrix tissue, and 
TGF-/31 has been characterized as causing smooth muscle 
cells to be more adherent 14 and certain smooth-muscle-cell 
types to inhibit growth. 15 It is unknown why it increased 




Fig. 8. light microscopy, month 6: A, in this longitudinal view 
(trichrome, 1.6x) with adjoining host tissue at left, smooth muscle 
bundles (B) are seen migrating into about one-third of the matrix 
scaffold (a-actin, X10). Compared with normal urethral tissue, the 
muscle bundles are not well organized longitudinally. C, graft center 
documents first smooth muscle fibers (a-actin, X20) with single 
smooth muscle cells irregularly sited over central third of remaining 
graft. 




Fig. 9. Vessel development in acellular matrix graft in compari- 
son with that in normal urethra. Number of vessels: black bar = area 
of anastomosis; white bar = middle of graft. Diameter of vessels: 
open triangle ~ area of anastomosis; open circle = middle of graft. 



significantly over 6 months in the rat model bladder augmen- 
tation study but not in the present study, although this 
difference may be species-dependent. The small amount de- 
tected has been characterized as latent TGF-/31. 16 IGF in- 
creased markedly in the graft tissue after 10 days when 
compared with the normal urethral tissue and decreased to 
normal amounts by month 6. An overexpression of IGF stim- 
ulates smooth-muscle-cell hyperplasia; 17 increased IGF may 
be a factor in smooth-muscle-cell ingrowth in the matrix. 
HB-EGF is not expressed in the normal rabbit urethra, but 
significant levels were detected after day 10 in the grafted 
tissue. HB-EGF in vivo has been described to promote neo- 
vascularization in the rabbit cornea, to induce the migration 
of bovine endothelial cells, and to release endothelial cell 
mitogenic activity from bovine vascular smooth muscle 
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ABSTRACT 

Purpose: In a rabbit model we evaluated urethral replacement by a free heterologous dog 
acellular matrix graft and compared these results with those of a homologous graft with the 
exclusion of antigenicity as a major goal. 

Materials and Methods: In 14 male New Zealand rabbits a 0.8 to 1.1 cm. segment of urethra 
was resected and replaced with a tubular acellular 1.0 to 1.5 cm. (mean 1.3) urethral matrix graft 
placed on an 8Fr feeding tube. Seven animals received a rabbit graft, 7 received a canine graft 
and 3 untreated rabbits served as controls. All animals underwent urethral pressure profile 
determination and retrograde urethrography before 8 and 6 were sacrificed at 6 and 8 months, 
respectively. Grafted and normal specimens were evaluated by histological testing. 

Results: In all animals the acellular matrix graft remained in its original position. Histological 
examination showed complete epithelialization and progressive vessel infiltration. At 6 months 
more than a third of the homologous grafts had smooth muscle bundles but the heterologous 
grafts had only poorly disseminated smooth muscle. Picrosirius red stain demonstrated a shift in 
the ratio of collagen types I-to-III with an increase in type III in the processed homologous and 
heterologous matrices that did not change significantly postoperatively. At 8 months the urethral 
pressure profile detected no difference in control and matrix grafted animals, and urethrography 
did not readily differentiate host from implant. 

Conclusions: In the heterologous matrix all tissue components were present after 6 months 
with no signs of rejection and even gradual improvement with time. However, regenerated 
smooth muscle did not equal that in normal rabbit urethra and it was not well oriented. Even 
after 8 months only a few disseminated smooth muscle cells were evident. Most a-actin positive 
cells were surrounding the vessels. Although function was normal, the alteration in the collagen 
ratio effected by matrix production indicated that the matrix collagen appeared not to have been 
replaced by host collagen. The increase in collagen type in may explain the lack of stricture in 
the grafted animals on normal retrourethrography. 

Key Words: urethra; rabbits; graft survival; muscle, smooth; collagen 
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fc tube was washed 3 times in PBS and stored in 10% neomycin 
sulfate at 4C until grafted (fig. 1). 

Anesthesia was induced with 40 mgVkg. ketamine and 2 
mgTkg. midazolam given intramuscularly and maintained 
after endotracheal intubation with 3% isofluorane inhala- 
tion. The rabbits were mechanically ventilated with 100% 
oxygen at a rate of 2 1. per minute via the endotracheal tube. 
Arterial blood pressure, pulse and respiration rate, body 
temperature and electrocardiography were monitored contin- 
uously throughout the surgical procedure. An ear vein was 
cannulated for continuous 2.5% dextrose infusion at a rate of 
40 ml. per hour. A warm water mattress maintained body 
temperature. 

Surgical procedure. After the urethra was catheterized by 
an 8Fr Argyle feeding tube the pendulous urethra was ex- 
posed through a 1.0 to 1.3 cm. ventral midline penile skin 
incision and mobilized from the corpora cavernosa. Surgery 
was performed with the aid of microsurgical loupes at X25 
magnification. 

Animals were divided into 2 groups of 7 each for homolo- 
gous and heterologous grafts, and a 0.8 to 1.1 cm. segment of 
urethra was excised and replaced by a 1.0 to 1.5 cm. (mean 
1.3) acellular urethral matrix tube. The matrix was sutured 
in place with interrupted 7-0 polyglactin sutures, bridging 
the urethral defect end-to-end. The wound was closed in 
layers with a running 7 -zero polyglactin suture and the skin 
was approximated with an inverted running 4-zero polygla- 
ctin suture. The feeding tube was fixed to the meatus with 
2-zero silk suture and shortened to a visible end of 0.5 cm. 

The rabbits received 11.35 mg. enrofloxacin intraopera- 
tive^ given intravenously and twice daily orally until stent 
removal at day 7. In the homologous and heterologous groups 
4 animals each were sacrificed at 6 months and 3 each were 
sacrificed at 8 months. 

Radiological evaluation. All animals underwent retrograde 
urethrography under preanesthesia to confirm normal anat- 
omy. A modified 8Fr feeding tube was inserted into the 
meatus and fixed to the penile skin with a 2-zero silk suture. 
Urethrography was performed after injecting 1.5 ml. 60% 
diatrizoate meglumine and x-ray was performed at 2.5 mA. 
and 56 kV. with a mobile AMX 3 model No. 46-217900G2 
x-ray system (General Electric, Milwaukee, Wisconsin). All 
animals underwent followup retrograde urethrography while 
supine at 10 days, 3 and 6 weeks, 3 months, and before 
sacrifice at 6 or 8 months. 

Urethral pressure profile. After retrograde urethrography 
urethral pressure profile was performed twice per animal at 
sacrifice. The perfusion rate was 0.3 ml. per minute. A mul- 
tispeed Model 55-2222 pump (Harvard Apparatus, Millis, 
Massachusetts) was used with a Masterflex speed controlled 
machine pulling the catheter at a constant rate of 2 cm. per 
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minute. The transurethrally placed 8Fr Argyle feeding tube 
was connected to a Uniflow transducer (Baxter Healthcare 
Corporation, Deerfield, Illinois) via a 3-way stopcock with 
pressure recorded continuously and evaluated using Lab- 
VIEW 4.0 software (National Instruments, Austin, Texas) on 
a Macintosh Quadra 800 Apple Computer (Apple Computer, 
Inc., Cupertino, California). 6 

Histological evaluation and light microscopy. Pure acellu- 
lar matrix was prepared for light microscopy by hematoxylin 
and eosin, and trichrome staining, and for transmission elec- 
tron microscopy. In so doing the effectiveness of the matrix 
preparation process was also evaluated. For light microscopy 
specimens were fixed in 10% buffered formalin for at least 24 
hours. After dehydration in graded ethanol solutions the 
specimens were embedded in paraffin, sectioned at 4 ;xm., 
stained with hematoxylin and eosin, trichrome and picro- 
sirius red, 7 and immunostained for a-actin. 8 

For a-actin staining paraffin sections were hydrated to 
water. After blocking endogenous peroxidase for 20 minutes 
with 0.3% H 2 0 2 in methanol and nonspecific protein binding 
overnight with 3% normal horse serum in PBS, pH 7.4, 
containing 0.3% Triton X-100 sections were incubated for 60 
minutes at room temperature with mouse monoclonal anti- 
smooth muscle a-actin (1:6,000) (Sigma Chemical Co.). After 
washing with buffer sections were immunostained by the 
avidin-biotin-peroxidase method using the Elite ABC kit 
(Vector Laboratories, Burlingame, California) with diamino- 
benzidine plus hydrogen peroxide as the chromagen. Sections 
were counterstained with hematoxylin. As a negative control, 
some sections were immunostained without exposure to the 
primary antibody. 8 

For picrosirius red staining sections were deparaffinized, 
hydrated and left for 60 minutes in a 0.1% solution of sirius 
red dissolved in aqueous saturated picric acid. Sections were 
rapidly washed in running water and dehydrated to xylene. 7 
Results were analyzed in accordance with the method of 
Kiraly et al ?• 

Electron microscopy. Samples were immersion fixed in 
2.5% glutaraldehyde and 2% paraformaldehyde in 0.15 M. 
sodium cacodylate buffer, pH 7.4. After post-fixation in 2% 
osmium tetroxide the tissue was dehydrated in graded etha- 
nol and propylene oxide, and subsequently embedded in 
Epon 812. Thick sections (1 mm.) were cut on a microtome, 
stained with 1% methylene blue and examined with a Leitz 
Laborlux-S light microscope (Leica Mikroskope und Systeme 
GmbH, Wetzlar, Germany). Thin sections approximately 900 
E were mounted on 200-mesh copper grids and stained with 
10% uranyl acetate and lead citrate as contrast agents. Ul- 
trastructural examination was performed with a Model 10 
transmission electron microscope (Zeiss, Wetzlar, Germany). 

Statistical analysis. Five randomly chosen fields of each 




FiG. 1. Acellular matrix before implantation. A, rabbit. B, dog 
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specimen stained with picrosirius red were analyzed at X400 
magnification using a DM RB light microscope (Leica Mik- 
roskope und Systeme GmbH) attached to an N 90 digital 
camera (Nikon, New York, New York). The ratio of collagen 
types I-to-in was quantified using Adobe PhotoShop, version 
4.0 (Adobe Systems, Inc., Mountain View, California) in- 
stalled on a Power Macintosh G3 (Apple Computer, Inc.). The 
polarized microscopic pictures were analyzed with custom 
filters and the mean of these analyzed areas was used to 
compare group differences with the Mann-Whitney U test 
(GB-STAT, Dynamic Microsystems, Inc., Silver Spring, 
Maryland). Values were considered significant at p <0.05 
and highly significant at p <0.005. 

RESULTS 

No animal died during the study and no fistulas were 
observed. At 8 months retrograde urethrography showed no 
discernible difference in the matrix implant and host, and 
there were no significant differences in homologous and het- 
erologous grafts. The borders between the host and matrix 
were already difficult to differentiate at 6 months (fig. 2). The 
production process effected graft tissue lengthening by 8% to 
10%. However, at sacrifice 8 months postoperatively the im- 
planted tissue had shortened to become closer to its original 
length. 

In this study urethral pressure profiles were obtained in an 
attempt to determine any subclinical narrowing at the graft 
level and at anastomotic sites. Results were not notably 
different in control and matrix implanted animals since in 
the former we noted a mean of 80 ± 13 cm. water and in the 
latter with a homologous or heterologous graft the mean was 
76 ± 12 cm. water (range 59 to 95) (fig. 3). At regenerate 
harvest adhesions were noted in groups that were inversely 
dependent on postoperative time, that is less adhesion with 
longer postoperative time. 

Light and transmission electron microscopy of the pure 
matrix confirmed the effectiveness of the matrix preparation 
process. As in our previous studies, 1-5 the acellular grafts 
appeared as intact frameworks consisting of elastin and col- 
lagen fibers. Transmission electron microscopy revealed that 
the collagen and elastin fibers were thicker in the dog than in 
the rabbit (fig. 4). 3 

Light microscopy with polarizing lenses of the specimens 
stained with picrosirius red showed collagen type I as thick, 
strongly birefringent, yellow or red fibers and collagen type 
III as thin, weakly birefringent, greenish fibers that were 
identified as reticulin fibers. When areas of the urethra were 
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Fig. 2. Retrograde urethrography. A, homologous graft at 6 months. 
Arrowheads indicate graft margins. 5, homologous graft at 8 months. C, 
heterologous graft at 6 months. JD, heterologous graft at 8 months. 



analyzed for the ratio of collagen types I-to-III, the procedure 
for matrix production had caused a notable shift, that is the 
percent of collagen type III was higher in the species that 
showed no significant change during the study period (fig. 5). 
At 6 months the ratio in rabbit matrix was significantly 
different from that in the normal urethra and it increased 
only slightly in the ensuing 2 months (p <0.05, see table). 

The Mann-Whitney U test demonstrated significant 
changes in the ratio of canine collagen types I-to-III caused 
by matrix production (p <0.05). During the 8-month study 
period the ratio remained almost the same, although changes 
were still significant compared with the host. Comparing dog 
matrix to normal rabbit tissue revealed a significantly higher 
percent of collagen type III than in rabbit urethra (see table 
and fig. 5). 

Light microscopy in control rabbits showed that the 
U-shaped corpus spongiosum surrounded two-thirds of the 
circumference of the urethra, which was composed of loose 
collagen and elastin fibers with numerous outer longitudi- 
nally oriented smooth muscle bundles and inner nutritional 
vessels. On longitudinal section the urethral luminal lining 
showed prismatic and cuboidal epithelium (fig. 6, A). In the 
heterologous preparation dog urethra was completely sur- 
rounded by corpus spongiosum. On longitudinal section 
smooth muscle was uncommon with a high proportion of 
collagen covered by prismatic and cuboidal epithelium (fig. 6, 
B). 

At 6 months homologous rabbit matrix demonstrated fewer 
longitudinally oriented smooth muscle cell bundles in the 
first third of the ingrown matrix than in the normal urethra. 
In a-actin stained sections irregular areas of ingrowth with 
few muscle cells were noted, except at the matrix center. 
However, the number of longitudinal vessels was signifi- 
cantly increased. Smooth muscle increased slightly with ad- 
ditional time for up to 8 months (fig. 7). 

In the heterologous implant the surface was completely 
covered by regular host urothelium and the matrix was 
streaked with tiny vessels. At 6 months a-actin staining 
revealed palely stained fibroblasts but no smooth muscle, 
although at 8 months smooth muscle cells were detected in 
the matrix anastomosis (fig. 8). The configuration and num- 
ber of smooth muscle cells were similar to those in normal 
dog urethra. An increase in a-actin positive cells was evident 
mainly around the vessels. 

DISCUSSION 

Improved urethral reconstruction depends not only on sur- 
gical technique, but also on the material used influences the 
functional and cosmetic outcome. Previous research has 
shown that biodegradable materials, such as hyaluronic acid 
or hydroxyacetic acid polymers, have the best potential for 
regeneration and function, 1011 although the degree and 
quality of urethral regeneration have not been consistent. 
Data on biodegradable material in various animal models 
have demonstrated at best the regeneration of urothelium 
and submucosa but not the complete regeneration of the 
urethra, including smooth muscle cell formation. 12 

After the encouraging results in our urethral regeneration 
study with a homologous acellular matrix 5 we expanded our 
interest to examine partial urethral reconstruction with a 
heterologous matrix to determine whether the potential pool 
of successful graft material may be enlarged. Although the 
process of regeneration was not as rapid or complete as with 
homologous matrix, the heterologous graft succeeded without 
inducing antigenicity. 

In our previous study we noted increased length caused by 
matrix production, which we attributed to a loss of contrac- 
tile tissue. In our current study the relatively greater acon- 
tractile component in the dog resulted in a lesser length 
increase with heterologous matrix production. With time the 
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Fig. 3. Urethral pressure profile at 8 months showed no significant difference versus controls. A, homologous transplant. B, heterologous 
transplant. 




Fig. 4. Transmission electron microscopy shows collagen fibers. 
A, rabbit. B, in dog matrix was thicker with apparent connections. 



newly ingrown contractile tissue shortened the implant but 
even after 8 months the heterograft as well as the homograft 
was still somewhat longer than normal. 

Close postoperative care to ensure a consistent period dur- 
ing which the transplant is protected by a stent is essential 
for reliable histological results. 13 Epithelial keratinization 
caused by postoperative catheterization seems to be of short 
duration and was not noted in either group, that is at 6 or 8 
months. 11 ' 14 Survival of the experimental animals and ab- 
sent rejection of the heterologous implant indicate high ac- 
ceptance of the graft and confirm its acellular nature. Our 
study showed complete internal epithelialization and angio- 
genesis with less smooth muscle cell ingrowth into the het- 



erologous than the homologous graft but with no sign of 
rejection in either implant. 

Host urothelium covered the surface of the heterologous 
transplant but the surface was not like that in the host or 
homologous transplant. Neovascularization increased with 
time with advancement from matrix edges to the center. 
These smaller changes were related to postoperative time 
since the heterologous graft required a longer interval to 
acquire the same histological appearance as the homologous 
graft. 

After 6 months myofibroblasts were still present in the 
heterologous graft, as opposed to our previous observation in 
the homologous implant, in which they were not detected 
after 6 weeks. 5 Although myofibroblasts change into smooth 
muscle cells, it is still not known what causes this transfor- 
mation. 15, 16 The high number of myofibroblasts in the graft 
at up to 6 weeks was not equivalent to the number of smooth 
muscle cells later. This finding may have been due to a 
persistently high amount of transfonning growth factor-a for 
8 months, as previously reported, 5 which inhibited smooth 
muscle migration. Heparin binding epidermal growth factor 
is only up-regulated from postoperative day 10 until month 
3, 5 which may explain the small number of smooth muscle 
cells. Compared with previous results in bladder matrix re- 
generation of the urethral matrix requires more time and 
this difference may be affected by the different functions of 
these 2 organs. 

Myofibroblasts migrated into the graft before the first ves- 
sels were observed and smooth muscle cells were later noted 
in areas with no continuous connection to ingrowing smooth 
muscle cells. In a study of Wu et al smooth muscle cells in the 
acellular matrix were found to be histochemically identical to 
those in normal fetal bladder. 16 Their data did not reveal the 
growth of smooth muscle cells across the acellular matrix, 
only their development. 

In our study smooth muscle bundles were observed to grow 
into a third of the homologous matrix scaffold by 6 months 
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Fig. 5. Light microscopy at 8 months. A, normal rabbit urethral tissue. B, normal dog urethral tissue. C, processed rabbit matrix. D, dog 
matrix. E, implanted rabbit graft. F, implanted dog graft. Picrosirious red stain, reduced from X40. 



Collagen types I and III in normal urethral tissue, matrix preparation and implant 







Rabbit* 




Dogf 




Mean % 
Collagen I ± SD 


Mean % Collagen 
in ± SD 


Mean % 
Collagen I ± SD 




Mean % Collagen 
III ± SD 


Normal urethra 


84.6 ± 1.2 


15.4 ± 1.2 


92.3 ± 1.0 




7.7 ± 1.0 


Matrix 


72.7 ± 3.0 


27.3 ± 3.0 


79.3 ± 2.4 




20.7 ± 2.4 


Implant (mos.): 












6 


72.4 ± 2.7 


27.6 ± 2.7 


79.1 ± 0.6 




20.9 ± 0.6 


8 


72.7 ± 1.2 


27.3 ± L2 


78.9 ± 1.5 




21.1 ± 1.5 



* Collagen I:III ratio was significantly different from normal at 6 (p = 0.037) and 8 (p = 0.002) months. 

t Collagen I:III ratio was significantly different from normal at preparation (p = 0.014) and remained so for more than 8 months (p = 0.003). 




and, although longitudinal order was poor, there was a slight 
improvement after an additional 2 months. In the heterolo- 
gous transplants only disseminated myofibroblasts were ob- 
served in the matrix after 6 months and the first smooth 
muscle cell ingrowth was first observed at 8 months. The 
orientation in the scaffold appeared similar to that in the 



canine donor tissue. Electron microscopy demonstrated dif- 
ferences in the dog and rabbit scaffolds, which may explain 
the slower smooth muscle cell migration and development. 
The number of myofibroblasts in the homologous versus the 
heterologous graft may explain the small number of smooth 
muscle cells in the latter after 8 months. In addition, the 



HETEROLOGOUS ACELLULAR MATRIX GRAFT 



Mantrns ; 

V v 




Fig. 7. Longitudinal section of rabbit graft at 8 months demon- 
strates regular urothelium over whole tissue surface. Trichrome 
stain, reduced from Xl.6. Inset shows smooth muscle cells close to 
center of graft. a-Actin stain, reduced from X20. 



amount of myofibroblasts may depend on the scaffold struc- 
ture. 

Assuming that the acellular matrix carries no genetic in- 
formation to influence regeneration, the scaffold appears to 
influence the regeneration process. In a bladder regeneration 
study Piechota et al analyzed several species and found scaf- 
fold differences on transmission electron microscopy in 2 
species. 3 In our study collagen bundles in the dog matrix 
appeared thicker than in the rabbit matrix and were con- 
nected to each other rather than individualized. Baskin et al 
reported that normal urethral spongiosum and urethral 
stricture scar tissue were principally collagen types I and 
type III, respectively. 17 They postulated that normal fibro- 
blasts synthesize each type but a change in the surrounding 
environment causes collagen synthesis to become imbal- 
anced, resulting in urethral stricture. This finding was dem- 
onstrated by increased messenger RNA for collagen type I in 
scar tissue. We used picrosirius red polarization to reveal 
collagen ratio changes, 18 a technique that has been used 
successfully in other organs. To the method of Kiraly et al 9 
we added a digital camera and PhotoShop, version 4.0 in- 
stalled on a custom Macintosh G3 computer for further ob- 
jectivity. 

To our knowledge the observation that the process of ma- 
trix production appears to cause a change in the ratio of 
collagen types I-to-III that may be species dependent with 
greater alteration in the dog has not been previously evalu- 
ated. However, it remains unclear how and why the ratio in 
the implanted scaffold changed only partially postoperatively 
and seemed to be more or less the same after 8 months, 
although the decreased ratio became significant even in the 
homologous graft compared with donor tissue. Because scar 
development has been explained as a result of increased 
collagen type I and decreased collagen type III production by 
fibroblasts, 17 a decrease in the ratio of collagen types I-to-III 
may explain the lack of stricture development in our speci- 
mens. It is still unclear how the surrounding environment 
regulated the amount of each collagen type synthesized by 
fibroblasts since the implanted graft did not cause a signifi- 



FOR RECONSTRUCTION OF RABBIT URETHRA 2101 




Fig. 8. At 8 months first smooth muscle cells were noted in dog 
graft. Urothelium was similar to that in host. Trichrome stain, 
reduced from X10. Inset shows a-actin stain, reduced from x20. 



cant inflammatory reaction. The altered collagen ratio in the 
acellular matrix and the appearance of the graft at 8 months 
do not represent an early stage of wound healing, in which 
collagen type IH may be described as functioning with more 
flexibility or distensibility. 19 However, retrograde urethrog- 
raphy and the urethral pressure profile revealed no differ- 
ence from normal urethra at 6 months. 

CONCLUSION 

The heterologous and homologous transplants demon- 
strated normal functional regeneration, although the homol- 
ogous graft showed earlier histological host equivalence. 
There was no evidence of tissue rejection of the heterologous 
acellular matrix. 
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